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PREFACE. 


THE present volume has been written at the desire on the 
part of the Publishers that a new elementary treatise on 
Physiotogy should be added to the series of admirable students’ 
manuals which they had previously issued. 

In carrying this desire into execution I have endeavoured 
to avoid theories which have not borne the test of time, 
and suck details of methods as are unnecessary for junior 
students. I do not give any history of how our knowledge 
has grown # its present standpoint; nor do I mention the 
names of the authorities upon whose writings my statements 
depend. ei have also omitted the mention of exceptional 
points, because I fing that excepe.ons are more easily remem- 
bered thgn the main facts from which they differ; and, since 
we must often be content with the retention of the one or 
the other, I have tried to ensure that it shall be the 
more important. = 

While endeafouring to Save the student from doubtfal and 
erroneous doctrines, I have taken great care not to omit any 
important facts that are necessary to his acquirement of as 
clear an idea as possible of the principles of Physiology. 

I have not hesitated to lay unwonted scress upon those 
points which many years’ practical experience as a teacher 
and an examiner has shown me are difficult to grasp and 
are commonly misunderstood ; and I have treated such subjects 
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than those which art essential only to abstract tiysiological 
knowledge. 

As medical students are generally obliged to commence the 
‘study of Physiology without any anatomical knowledge, I 
believe it to be absolutely necessary that their first, physio- 
logical book should contain some account of the structure and 
relationships of the organs, the functions of which they are 
about to study. I have therefore added a short account of the 
construction of the various parts discussed in each chapter ; 
%t has, however, been found necessary to curtail this ana- 
tomical portion to a mere introductory sketch. Numerous 
illnstr&tions, with full descriptions attached to each, are intro- 
duced to supplement the explanation given in the text. 

fo far as is consistent with an accurate treatment of the 
subj ject, I have avoided technical terms and &Qentific modes of 
expression. I know that in attempting to explain physiological 
truths in every-day language and in a plain commen-sense way, 
I ron the risk of appearing to lack the precision that such a 
subject demartds ; but after m&ture consideration I hav&come 
to the conclusion that greaé-scfentific picgty and a scholastic 
style of expression have a deterrent effect upon the heginner’s 
industry ; and I think it better that he should acquire the first 
principles of the science in homely language, than pick up 
technical odds and ends in learned terms, the meaning of 
which he does not comprehend. * 

As many words, strange to the first year’s student, have to 
be used and must be learned, it has been thought advisable 
to add a short glossary, containing an explanation of the most 
ordinary physiological expressions. 

Great difficulty is always found in fixing upon a starting 
point at which .to begin the study of Physiology. To. begin 
with the circulation of the blood, which is so essential for 
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the life of Wiery tissue, one should have some knowledge of 
nerve and ga@gcle. To begin with nerves and muscles the 
mechanisms 4 3. the uses of the blood current should be 
understood ; én so on throughout the various systems, which 
are 80 sete Gases that, for the thorough comprehension 
of any oho, a knowledge of all is required. 

I havé, therefore, adopted the time-honoured plan of com- 
mencing with the vegetative systems and following the course 
of the aliments to their destination and final application, as I 
believe that this arrangement is open to as few objections as 
any other known to me. 

I wish here to express my most cordial thanks to many 
friends who have aided megwith kind assistance and advice. I 
am deeply indebted to Mr. W. Tyrrell Brooks for the great | 
help he afforded me by compiling the chapters on De- 
velopment ; and *E’ feel I cannot sufficiently thank Mr. E, F. 
Herroun for his untiring and valuable assistance in the re- 
vision of the proof sheets. 

To Mr. G. Hanlon I am indebted for the careful and skilful 
manner inwhich he has executed the new woodcuts, most of 
which he had to copy ftom my Tote drawings. 
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CHAPTER I, 
THE OBJECTS OF PHYSIOLOGY. 


Bro.oay, the science which deals with living beings and the phe- 
nomena exhibited by them, may be divided into two great branches, 
viz. :— 

1, Morphology, which treats of the forms and structure of the 
bodies of living caeagures : 

2. Physiology, Which attempts to explain the modes of activity 
exhibited by them during their life-time, and may therefore be 
defined as the gcience which investigates the phenomena presented 
by the textures and organs of healthy living beinys ; or, in short, 
the stugly of the actions of organisiys in contradistinction to that of 
their shape gnd structure. 

The organic or living orld is n&turally divided into the Animal 
and Vegetable kingdoms. We have, therefore, both animal and 
vegetable norphology and physjofogy. In studying the vegetable 
kingdom, the form, and the structure, as wellas the activity of plants 
are associated toyether in the science knownas Botany. The physio- 
logy of plants may therefore here Le omitted ; though, indeed, it can- 
not be neglected,in considering the processes belonging to animal 
life. On the other hand, the morphology and the physiology of 
animals are commonly taught separately, and in the medical curri- 
culum are made distinct subjects. 

Morphology properly includes the external form, the general con- 
struction or anatomy of organisms, and the migute structure of 
their textures as revealed by the microscope. This latter branch of 
study, under the name Histology, has now developed into a very 
wide subject, which ia inseparable from either physiology or anatomy. 
In this country histology is commonly taught in the medical schools 


2 MANUAL OF PHYSIOLOGY. 


with physiology, for while the time of the teachers of morphology 
is occupied in expounding the details of descriptive anatomy, 
the microscope is in everyday use in the physiologigal laboratory. 
Moreover, an adequate knowledge of microscopic methods, and of the 
various form-elements of the different textures of the body is one of 
the first essentials for physiological study. 

As the different actions of the body are performed by different 
tissues, which in the higher animals are grouped together us distinct 
organs, a general idea of the position and construction of these 
different parts of the body must be acquired before the study of 
physiology can le commenced. Anatomy and general morphology 
are the frameworks upon which physiological knowledge is built 
up. Some knowledge of these subjects must therefore precede 
the study of physiology, in order that the student may be in a posi- 
tion to grasp even the simplest facts connected with any physio- 
logical question. 

We shall soon find that the assistance of other sciences is also 
indispensable to physiology. Thus every action of a living texture 
or tissue is accompanied by some chemical change, the chemical 
process in fact being commonly the essential pay.ef the phenomenon. 
The student of physiology must, then, know” something of the 
science of chemistry ; indeed the mode of action of chemical 
elements forms quite as important a eroundwork fpr the study of 
the activity of the living tissues as their veneral form or minute 
structure. 

Further, the laws which govern the motions of inanjmate bodies 
also control the actions of }'viny tissues, f6reve cannot claim to un- 
derstand or recognise the existence of any laws affecting living organ- 
isms other than those known to be applicable to dead matter. There 
are a great number of activities shown by living teatures which we 
cannot explain by the recounired laws of nature. We therefore use, 
for convenience sake, the term “vital phenomena,” to indicate pro- 
cesses Which are beyond our present chemical and physical know- 
ledge. In using this term we must not think it implies a separate 
act of laws of life. We cannot discover or formulate any special 
laws affecting living beings only, and therefore we must not assume 
that any such exist. We inurt rather endeavour to explain all the 
so-called “vital ¢phsnomena”’ by means of the laws known to 
chemists and physicist«. By this means we shall certainly get a 
closer insight into the proce-ses of life, and if there be laws povern- 
ing the living beings we may learn to know them. This method of 
working has already given sodd results, for within comparatively 
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recent times many of the processes which were regarded as specially 
vital in character have been shown to be within the power of the 
experimenter and to depend on purely physico-chemical processes, 

It is therefore necessary for the physiologist, before he attempts to 
explain the activities of any organism, to be familiar with not only 
the structure of its body but also the various laws which, as chemists 
amd physicists teach us, control the operations of inanimate matter. 

The sciences of chemistry and physics may, in fact, be regarded 
as the plfysiology of inorganic matter, just as when chemistry and 
physics are applied to the elucidations of the functions of living 
creatures by the biologist, the study is called physiology. When we 
consider how far the chemist and the physicist still are from thoroughly 
grasping and interpreting all the phenomena presented by the various 
kinds and conditions of matter, we cannot be surprised that those 
who attempt to explain the actions of living beings find many pro- 
cesses that they are urfable to comprehend. But while physiologists 
trequently inake use of the convenient term “ vital phenomena,” they 
do not thereby imply the existence of a special living force or any 
kind of energy peculiar to living creatures. 

The final end %f*physiology is, then, not yet within the reach of 
our moder methods of research. To explain the mode of activity of 
living beings, and grasp the exact relation borne by their living pheno- 
mena to the laws which govern them, is a task of enormous difficulty. 
Indeed the manifestations of certain energies in living organism 
are so &mylicated that it is often, i not generally, impossible to say 
exactly howethey are brought about, and we are therefore obliged, 
for the present at least,*to be satistied with the mere recognition and 
description of the plenomena. e 

Since the human organism. Ir the special study of students of medi- 
cine, the contents of this volume should properly be restricted to 
the physiology of man, But human physiology cannot be studied 
alone ; because in man we canot watch sutticiently closely, or 
question fully, by experimen®, the phenomena of life. Further, 
no sharp line of separation can be drawn between the actions of 
the various organs of man and those of the lower animals. The 
consideration of the physiology of those animals which are akin 
to man must therefore go hand in hand with the study of the 
physiology of man himself. Much light has bee& thrown on the 
actions of the most complex textures of the highest animals, by 
the observation of the activities of the lowest organisms, where the 
manifestations of life may be carefully watehed with the micro- 
scope in the living animal under perfectly norm ul conditiogs. 
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GENERAL CHARACTERS OF ORGANISMS, 


The term organism, which is commonly used as having the same 
meaning as living being, owes its derivation to the complexity of 
structure common among the higher forms of life, which are made 
up of several distinct organs. This organic construction no longer 
holds good as a distinguishing mark between living beings and inani- 
mate matter, because we are acquainted with a vast number of living 
organisms, both plants and animals, which are not made up of organs, 
but are composed of a minute piece of a soft jelly-like material, 
which is simply granular throughout, and devoid of structural differ- 
entiation during the life of the creature. 

We may classify the general characters of living beings as follows : 


1. Structural and physical properties. 
2. Chemical composition. , 
3. Activities during life (vital phenomena). 


1, StructurRAL CHARACTERS OF ORGANISMS.—The minute struc- 
ture of living beings as shown by the microscope no doubt helps to 
distinguish the textures of organisms from “ydrganic structures. 
Although organic textures are found to differ very widédty in their 
characters they are all related in one respect, namely, that at some 
period of their existence they consisted of cells, 2.¢.,*minute masses 
of a substance called Protoplasm. In plants this cellular structure 
remains obvious in nearly all patts of the adult organism, né matter 
how much the texture may be modified by adaptation turthe require- 
ments of any given duty or‘function. If we &kamine with the micro- 
scope the leaves, bark, wood, om pith of a plant, in all, of them a 
cellular structure can be recogniset. In the less developed mem- 
bers of the animal kingdom, and during the initial stages in the 
existence of the highest animals, the textures are composed exclusively 
of agyregations of living cell-elemients. We shall shortly see that in 
the more fully developed condition di the higher‘animals, the cells 
become variously modified in form and function, and the protoplasm 
manufactures various structures adapted to the performance of the 
diverse functions of the different parts. In all organic textures 
which can be said to be living, cells are dispersed in yreater or less 
number througho&t them, and regulate their nutrition and repair. 


2, CHemicaL Composition.—There are no characters in the chemi- 
cal composition of the textures of organic beings which can be said 
to be absolutely distinctive or, to separate them from inorganic 
matter. Wo doubt their, chemical construction commonly exhibits 
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certain peculiarities, not seen in dead matter, which may be taken 
as characteristic, but living textures only differ in the general plan 
of arrangement and composition from that most commonly met with 
in the construction of inorganic materials. 

In the first place, the great majority of the chemical elements which 
we know of, take no share in the formation of living creatures, and 
are never found to enter into their composition. Practically only 
fifteen off the sixty-three elements known to chemists take part in 
making up the tissues of animals. The majority of these are only 
present in very small quantity and with no great constancy. On 
the other hand, there are four elements, namely, carbon, oxygen, 
hydroyven, and nitrogen, which are found with such great regularity, 
and in so great quantity, that they may be said to make up the, 
great bulk (97 per cent.) of the animal frame. The great constancy 
with which the first three of these elements occurs must be regarded 
as the most important character of organic tissues. 

Secondly, in organic textures the chemical elements are associated 
in a much more complex and irregular proportion. Generally a large 
number of utoms,of each element, are grouped together to form the 
molecule, and ofter the compound is +o complex that its chemical 
formula remains a matter of doubt. As an example, a remarkable 
body, called lecithin, which appears in the analysis of protoplasm 
and many tissues, may be mentioned ; it is a peculiar compound 
ee nitrogen and phosphorus, and in construction said to be 
like a lat. It may be expressed thus :— 


In inorganic substances, on the gther hand, the elements are found 
to be combined, ax a veneral rule, in simple and regular proportions. 
The molecules are made up of but few elements arranged in a 
definite manner and firmly bound together, xo that they are not 
prone to undergo spontaneous décomposition, As an example, we 
may take water, which has thé well-known formula, 


H,O. 


Though these hudies may be taken as types of organic and inor- 
ganic substances respectively, it must not be imagined that all organic 
bodies are as complex, irregular, and unstable af lecithin, or that 
inorganic compounds, as a rule, are invariably simple and stable like 
water. 

It is further remarkable that Curbon—an clement which is excep- 
tional in forming but few associations in the mineral world, where 
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it chiefly combines with oxygen to form CO,—is almost invariably 
present in living textures, in which it is combined with hydrogen and 
nitrogen as well as oxygen in various proportions. The constancy 
of carbon as an ingredient of organic bodies is so great that what 
formerly was called organic chemistry is now often called thie 
chemistry of the carbon compounds. 

These complex associations of many atoms of carbon with many 
atoms of other elements, are readily dissociated when exposed to 
the air under even slightly disturbing influences. When heated 
to a certain degree they burn, 7.¢., unite rapidly with the oxygen of 
the air, and in the presence vf minute organisms they putrefy. 
Thus tnstabtlity is a general feature commonly met with in most 
substances of organic origin. 

‘Chemical instability reaches the highest pitch in tissues which 
are actually alive and engaged in vital procenses. So long as any 
texture lives it must constantly undergo certain chemical chanyes, 
one of which is regarded as a kind of decomposition, tending tv 
produce disintegration, and the other, a re-integration by means 
of new chemical assoriations with fresh materiatu. A tissue may 
then be said to deserve the term living, only as long aw it under- 
goes these antagonistic chemical changes. The tendency to de- 
structive oxidation or disintegration is intimately connected with 
the functional activity of the living texture and increases with this 
activity. The re-integration or canstructive process requires téae pre- 
sence of suitable materials with which the teature may combine, 
in order to make up for therlosS. Thus living tissues are ever on 
the point of destruction, which, can only be warded off by the 
timely reconstruction of their chemjcal invredients by suituble fresh 
materials. This reconstruction by means of fresh matter from with- 
out is called assimilation, and form» the most, if not the only, satins- 
factory criterion by which adeqtately to distinguish living beings 
from inorganic matters. ‘ . 

The whole object of all these chemical processes is to supply suit- 
able fresh materiuls to the various textures for their assimilation. 
This will be found to form a yreat part of physiological study. Fur- 
ther, the energy manifested in the living activity of the textures 
depends upon the garious oxidising processes, and the exact laws which 
govern these combustions, and the results they give rise to in the 
various tissues, practically make up the other part of physiology. 

3. ViraL PHENOMENA.—The so-called vital phenomena which take 
place in the textures uf oryanisnis are, for the muxt part, performe:l 
by the ag&ncy of the living cell-elements, in which we can re- 
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cognise independent manifestations of life, such as the response to 
stimuli, motion, nutrition, growth, &, The living activity of 
organisms requires for its perfect development certain external con- 
ditions, namely, a certain degree of warmth and moisture. Without 
heat and moisture the chemical interchanges just mentioned cannot 
go on, and the organism is either destroyed or remains in a state of 
inactivity. 

The nvtrition of the animal body which is accomplished by means 
of the processes of assimilation already mentioned enables it to grow, 
and, up to a certain point, increase in size, and further to undergo 
many changes in form and texture. There is, however, a limit to 
this assimilative power : nutrition loses in activity, growth gradually 
stops, and after a time decay appears and is followed by death. 

Thus organisms exist only for a limited period of time, during 
which their size, formgand functional activity are constantly under- 
going some alteration dependent on the incessant changes in their 
molecular construction. 

This cycle of changes through which organisms pass we speak of 
as their life-time.e During this life-time, at the period when their 
functional activity’ is at its height, they possess the remarkable 
faculty of producing individuals like themselves. 

This is accognplished by setting apart a cell which, under favourable 
circumstances, assumes special powers of growth, increases in size by 
the rapid formation of new cells, argl developes into an independent 
living unit, In time it arrives at maturity, and becomes like its 
parent, and then passthrough the came cycle—by its power of 
assimilation it grows to maturity, reproduces its like, decays, and 
dies, : 


CHAPTER II. 


GENERAL VIEW OF THE STRUCTURAL CHARACTERS Ol’ ANIMAL 
ORGANISMS. ‘ 


THE parts played in Physiology by cells are sv many and so 
important that it is necessary at the very outset to consider their 


and nucleus (x), and nu- 
cleolus a 
2. thicker walls 
= — and esr kg ye (8). 
arther dimunution 
agreed in sin sity) 





properties somewhat in detail 

The demonstration of the cel- 
lular structure of plants was first 
made in 1832 by a distinguished 
German Wotanist named Schlie- 
den, who considered the cells to 
he characteristic of plant tissue. 
A few years later Schwann 
showed that fne animal tissues 
were also made up‘ of cells, 
though not so completely, and 
that they owed their origin and 
development to cell elements. 
Thus originated the éllular 
theory, which, with some modi- 
fication, f& now the baxis of all 
physiological enquiry, 
¢ The first idea which was con- 
veyed by the term cell varied 
much from that which we now 
necept as a proper definition of 
such an organise unit. 

Vegetable cells being the first 
discovered were taken as the 
type of all, The main charac- 
teristics of these may he briefly 
summed up. Firstly, a mem- 
branous sac called the cell wall, 
generally very well defined, and 
_ secondly, within the cell wall 
various cell contents. Among 
the more con+picuous portiyn of 
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the latter may be mentioned the (1) nucleus, which lies in a soft, 
clear, jelly-like substance called protoplasm, and (2) certain cavities 
called vacuoles, which are filled with a clear fluid or “cell sap.” 

Further investigation of the life history of cells, particularly in 
the early stages of their development, showed that the cell wall, which 
played so important a part in the original conception of a cell was 
not always present, but was formed by the protoplasm in the later 
stage of growth. The cell sap and other matters were found less 
commonly present, and appeared still later in the life-time of the 
vegetable cell ; hence it was concluded that they were the outcome 
of changes due to the activity of the protoplasm, and that this latter 
was the only real essential and vital part of the cell. 





Fig. 2—Diagram of animal 
cell (ovum), (Gggenbauer ) 


a, Granular protoplasm. Fig 3 —Laver cell of man, contaming fat globules 
b. Nucleus \/) and bilary matters. (Cadiat ) 
c. Mucleolus, e 


® 

Subsequently, fron@ fhe fact tifat #me vegetable cells in the 
youngest and moat active stage of their growth have no limiting wall, 
and that Most animal cells havegnone during any part of their life, it 
was proposed to define a cell as a mass of protoplasm containing a 
nucleus, But further research showed that the nucleus was not 
always present. In many crypt®gamic plants no nucleus can be 
found, and in somg animal cells w hich must be revarded as independent 
individuals (Protamaba), there 1s no nucleus at any part of its life- 
time. This would lead us to suppose that a mass of protoplasin 
capable of mantfesting all the phenomena of life would be a sutlicient 
definition, Though this is probably correct in a few cases, the vast 
majority of cells do contain nuclei. As it is diffigult to divest our 
minds of the connexion between the two, it has been proposed to give 
the name cytode to the non-nucleated forms, which certainly are very 
exceptional, reserving the term cell for the common nucleated unit. 
Each part of the cell may now be considered in the order of its 
Importance, viz., protoplasm, nucleus, cellewall, and cell fontenta, 
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I. Proropiasm is a colourless, pale, milky, semi-translucent sub- 
stance, more or less altered in appearance by various foreiyn matters 
which lie in it. These latter also give it a granular appearance, and 
when dead it commonly exhibits a linear marking or fine network. 
During life its consistence is nearly fluid, varying with the circum- 
stances in which it is placed, from that of a gum solution to a soft 
jelly. When living unmolested in its normal medium 1t seems to flow 
into various shapes, but this is a living action which doe» not prove 
it to be diffluent, fur any attempt to investigate it by experiment 
causes a change in its consistence approaching to rigidity. 

As the full comprehension of the function of this substance lies at 
the root of the greater part of Physiology, the reader is referred for a 

¢ detailed account of its properties to Chapter III. on Vital Phenomena, 
where it will be discussed at greater lenvth. 

II. Tae Nucievs.— Most independent masses of protoplasm, and 
all highly organized cells, contain one or more nuclei in their sub- 
stance. The nucleus is in a greater or les» degree sharply divided off 
from the surrounding) protoplasm. Its pienence can generally be 
made much more cunspicuous by treating the «cell with various 
chemical re-agents, notably dilute acids and ctrtain dyes. The 
nucleus is, in the former case, able to resist the action of dilute acetic 
acid for a much greater length of time than the rergainder of the 
cell, so that it stands out clearly, while the rest becomes quite trans. 
parent. In the latter case, magenta (one of the aniline dye stains 
the nucleus sooner and deeper than the protoplasm. Although it 
has been accredited with gpecial independcat movements, it may 
safely be said that in comparison with the protoplasm it is not very 
contractile. Yet it appears to be injumately associated with the vital 
phenomena of the cell, and may be said tv control or initiate the 
most important activities of the cell, namely, its division. The 
small size of the nucleus adds greatly to the difhculty of investigating 
its functions, and much remains to ke made out,concerning both 
ite structure and properties, although recently considerable progress 
has been made in this direction. 

Ill. Tue Cer, Waiu.—It has already been stated that the most 
active form-elements, such as the cells in the earliest staves in the 
life of an organism (embryonic cells), have nu enclosing membrane or 
cell wall. Butin the more advanced stayes of cell life we find this 
second form of protoplasmic differentiation to be common enough. In 
animal cells the limiting membrane has never the same import- 
ance as the cell wall in vegetable tissues, where some of the 
principal téxtureg may be graced to a direct modification of the cell 


STRUCTURAL CHARACTERS OF ANIMAL ORGANISMS. 11 


wall, still recognisable as such. Whenever such a limiting membrane 
does exist, it is always formed by the outer layers of protoplasm under- 
going changes so as to become of greater consistence. In the animal 
tissues the protuplasmic units form various structures, which, how- 
ever, do not hold the relation to them of limiting membranes, but 
rather give the idea of lying between the cells. Hence, in one large 
group of tissues, they have been called tntercellular substance, while in 
others they appear as materials specially modified for the furtherance 
of the functions of the special tissues. 


IV. Creni Conrents.—Regarding protoplasm as the essential 
living part of the cell, under this heading will come only those 
extraneous matters which are the outcome of protoplasmic activity. 

The cell contents which are present with such constancy and in 
such variety in vegetable cells, form in them an all-important part ; 
but in most animal cells the contents do not occupy such a 
striking position. 

No doubt animal protoplasm is quite as capable as that of vege- 
tables of making eug of its own substance, or the nutriment supplied 
to it, a great variety of materials, 
but these are seldom stored in 
such larve quantities in animal 
cells as in those of plants. 

In the cells of some kinds of , 
animal textyres, particularly that 
called Connective Taskue, we 
commonly find large quantities 
of fat forfned and accumulated 
to such a degree in the cell that 
the protoplasm can be no longer 
recognized as such, Its remnant ® Fig. 4.—Cell from connective tissue con- 





is devoted to fgrminy a linpi- bet ee arin (el, and 
° : 2 , : Owing protoplasm (7), and nu- 
ting membrane for the fatty cleus (x), (m) membrane. (Ranvier.) 


contents, so that the cell is con- 
verted into an oil vesicle, and here certainly what may be termed 
the contents become the most important part of the cell, In various 
wland cells also, ax will be seen hereafter, differgnt substances are 
made and stored up temporarily in the protoplasm, and these can be 
seen as bright refracting yranules, and are subsequently discharged 
in the secretion of the gland. 

In other cells again (liver) nutrient material allied to starch may be 
deposited in considerable quantity, just a4 starch ig stored in certain 
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cells of a plant, but owing tuo the greater and more constant 
activity of animals, the amount laid by never attains anything like 
that found in the store textures of vegetables, where the result of 
an entire summer's active work is put by as a provision for the 
next winter, and the fresh burst of energy which follows it in the 
spring. 

But while the above are all more or less temporary contents of cells, 
we have an example of a permanent deposit in them. viz., Pigment, 
this substance is formed by the protoplasm in various parts and 
has a special physiological use. Thus in the cells of the tissue behind 
the retina—or nerve layer of the eye-ball—the cells are filled with 
a number of granules composed of a substance very rich in carbon, 

e which when in a suiticiently thick layer is able completely to absorb 
any light that may fall upon it, thus preventiny the reflections that 
would otherwise occur, and which would interfere with the clearness 
of sight. 

It also occurs in the skin of the negro and other races and in that 
of the frog and other animuls, but in these its function is not fully 
known. 

VARIETIES OF CELLS.—Great varieties of cell are found in the 
various mature tissues of the higher animals, all of which have passed 
through the stage of being a simple nucleated mass of pr otoplasin in 
the earlier periods of their development and differentiation. All 
cells may then be divided into two chief types, the indifferent and 
the differentiated. 





Fig. 5.—Transverse ecction of Blastoderm, showing the elements in the carlicr 
stage of the development. A, epiblast ; B, mesoblast ; C, hypoblast. 


Under the category of indifferent cells may be placed all such as 
retain the characters of the first embryonic cell and have not acquired 
any special structure or property by which they can be distinguished 
from the simplest form. Such cells are the only ones in the early 
stages of the embryo. In the adult tissues they also occur, having 
various duties to perform. They are mainly found in the'adult in the 
blood andselympb, and spattered throughout the tissues, and are 
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without a cell wall, and have no special contents to mark their 


function. 
Among the differentiated cells we find many special characters, 


adapting them to certain special duties, for all these cells are 
modified from the original type and applied to the performance of 
some special function. 

Space prevents even a short enumeration of the varieties of cells 
met with in the tissues of plants, where they carry on all the active 
function of the organism as well as form the firm supporting 
structures. 

The differentiation of a cell is accomplished by its own protoplasm, 
which forms new structural parts and sometimes seems to diminish 
in quantity until finally an element is produced in which there is no 
longer any protoplasm recognizable. 

We find then matured and differentiated cells which vary— 


1, In shape, being spherical, flattened, fusiform, stellate, &c. 
2. In size, becoming smaller or larger. 
3. In their mode of connection, becoming attached in one 
way or gngther to neighbouring cells or structures. 
2 


Cells may also be classified according to their function, e., 
Glandular, Nervous, &c., and the greater portion of the following 
pages will bé devoted to the functions of these various forms of 
cells. 

So fong as a cell remains in its tndifferent stage it possesses the 
properties of ordinary protoplasm oply. But by its further develop- 
ment it acquires special properties not tommon to all protoplasm. 
These preperties may or may net be accompanied by structural 
change. Thus the protoplasm ofa gland cell differs in little from that 
of any other cell except in the capabilities of its nutritive changes 
and its chemical products ; while on the other hand, those epithelial 
cells which form the outer layer of the skin lose completely 
their protoplasnfic character$ and are profoundly modified in 
structure. 


MopiFicaTions OF ORIGINAL CELL—TissuEs.—In the preceding 
pages the special characters of a single cell have been dwelt on, and it 
has also been seen that a cell may become change@ from its original 
form in order to fit it more perfectly for some special purpose. But 
it is necessary to consider this latter fact more fully in order to 
understand the relation of the various tissues of the adult body to 
each other. 7 


14 MANUAL OF PHYSIOLOGY. 


The first stage in the existence of any organism, from the simplest 
form of plant to man, is composed of a single cell (in animals called 
the ovum or egy), which differs in no essential points of structure 
from an ordinary cell. 

There is moreover a class of organisms which never goes beyond 
this one-celled stage, and the individuals pass their entire life-time 
in the state of a simple unicel- 
lular organism. This group, called 
Protista, though insignificant in 
point of its size, may vie with 
the higher plants and animals 
in number, species, and variety of 
form, so that they might well be 
Fig. 6.—Unicellular organism. Smal) Placed in a kingdom by themselves 

amoba. (Cadiat.) (as has been proposed) apart from 
the vegetable and animal kingdoms, 

The group of these organisms which most resemble animals, is 
called Protozoa, and is divided from other animal forms by the 








ig. 7.—Btages in the divimon of the egg cell (ovum), showing the production of a 
= multiple mass by division. (Gegenbauer ) 


manner of development of the ovum of the latter, which differen- 
tiates by division “into cells. This group is called the Metazou, In 
the Protozoa the ovum never divides, the animal always remaining & 
single cell. 

On the contrary, the ovum of the Metazoa changes ite characters 
during its development. At first possessing a stage common to both 
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divisions, viz., a single cell, it soon passes through rapid stages 
of cell proliferation, and is converted into a multiple mass, the 
mulberry stage or Morula, 

The cells forming this Morula stage work towards the periphery of 
the mass, where tliey tend to arrange themselves in two layers, at the 
same time forming a cavity in the centre. This is known as the 
Gastrula stage. Following then this cel! multiplication or quanti- 
tative differentiation, we find a qualitative differentiation of the 
cells, by which certain yroups of cells assume 
special peculiarities, fitting them for some 
specific duty. 

Thus we arrive at the production of spe- 
cial textures and organs such as are met 
with in the higher animals, and which are 
necessary for the efficient discharge of the 
various functions carried on during their 
lives. The division of the original imass of 
indifferent cells into two layers of special 
cells is the first step towards tissue differen- 
tiation, and in somerunimals 1 ix the only one 
arrived at in their entire life history, Bik Ses pee ehowas 
throughout which they remain a simple sac the first differentiation 
made up of are external layer, Ectoderm, and cca agg awa 
an internal layer, Hrudoderm. layer, (a) Mouth, (4) en- 

Thegroups or layers of cells forming the —— teric cavity, (d) ecto- 
outer and inner lay ers of this stage of deve- a Tae ase 
lopment, not only forthe primitive tisetes, 
but they tulso represent the first appearance of organs or parts with a 
specific tinction. The external or ectodermic layer is the sup- 
porting, protecting, motor, and respiratory organ, while the inner or 
endodermic layer is devoted toa primitive form of digestion, preparing 
the food for assimilation, and generally presiding over the nutrition 
of the body. ° , 

Although this sac-like (Gastrula) stage is supposed to have 
formed a step in the life history of nearly all animals, yet it forms 
a less striking part in the development of the individuals as we 
ascend the scale, and in the higher animals nu such stage has been 
recognised. In the Vertebrates, the germ cells Gerived from the 
ovun are from an early period divided into three distinct layers, 
owing to the layers which correspond to the Ectoderm and Endoderm of 
the lower organisms, forming between them a third layer ur Alesoblast. 

From these germinal layers all the organs and tissues of the boly 
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are subsequently evolved. In embryological language the three 
primitive layers are called epi-, meso-, and hypoblast. 





Fig. 9.—Transverse section of blastoderm of chick. 
A, Epiblast. 3B. Mesoblast. C. Hypoblast. pr. Primitive groove. 


@ 


Thus it can be seen that, as we can compare the primitive uni- 
cellular state of the lowest animals with the first ece-cell stage of 
existence of the highest animals, so we can compare all the steps of 
tissue and organ differentiation as we trace ther _in the embryo of a 
mammal, with the steps of elaboration in organic and textural parts 
that we find in ascending the scale of animal life. 

The history then of the development of any mammal from a 
single cell or egg to the complex adult individual, is strictly analogous 
with the more protracted histc;y of the evolution of the animal 
kingdom from the Protista upwards. 

It is impossible to separdve the differentiation of tissues and organs, 
or to say which is of older date jn the history of animal, evolution. 
Even in unicellular animals, where we have no trace of tissue difference 
(Paramecium, Vorticella, there being only one cell), we have a distinct 
foreshadowing of organ and functional differentiation (vide Chapter 
III.). And in creatures made 4¥ many parts, the same cells have 
several duties to perform. But when an agyregationof cell units exists, 
it may be said that a tissue is formed. If these cells be indifferent, 
that is, have no special characteristic, then the tissue may be called 
primitive or embryonic. But, as has just been stated, the aggregation of 
embryonic cells—in the higher forms of lif e—have special characters 
from the very fir@t, which mark them off from one another as des- 
tined for different functions. 

The middle germ layer (mesolJast) is derived from the upper (epi- 
blast) and lower (hypoblast), the part contributed by each being doubt- 
fal. From the firet the middle layer bas distinctive characteristics, and 
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ultimately gives rise to a set of tissues which can always be distin- 
guished from those which originate from the upper and lower 
layers. 

From the inner and outer germ layers are formed several layers of 
tissues, which, in a more or less perfect degree, retain the activity of 
the original protoplasm, and hence may be called active tissues. 
From the middle germinal layer is developed a set of textures, in 
the majgrity of which the protoplasmic elements are reduced 
to a minimum, and are therefore grouped together as supporting 
tissues. 

The tissues formed in the adult may he classified into our 
groups :— 

1, Epithelial Tissues, The primitive surface tissues of the outer 
and inner germ layers, which are variously modified for 
several disting duties. 

2. Nerve Tissues, Springing from the former, are modified for 
receiving, conducting, controlling, and distributing im- 
pressions. 

3. Muscle or Copiractile Tissues. In close relation to both the 
previous afid the next groups. 

4. Connective Tissues formed only from the middle germ layer. 
They gre much modified in different parts, so as to give shape 
to the body, and to support and hold the various organs and 
e parts firmly together. Thay are in fact the materials used 
in the general oo arelutectate: 


EPITHELIAL TIssvE, “though the oldést kind of tissue both in 
the animab series and in the germénal layers, retains the embryonic 
character of being entirely composed of cells placed in close relation- 
ship to each other on the internal and external surfaces of the body. 
The individual cells, moreover, retain the embryonic character in 
form and function, being soft rounded masses of protoplasm, only 
altered in shape bf the pressure’of their neighbours. The cells which 
le next the nutrient vessels of the mesvblast, are endowed with 
energetic powers of growth and reproduction. As the young cells 
are produced they take the place of the parent cell, whose future life- 
history determines the special characters of the different kinds of 
tissues. 

Sometimes the cells are retained, as in the skin, and are arranged 
in several layers, one over the other. As the cells are conveyed from 
the deeper layer, where they take their origin, towards the surface, 
the efforts of the waning nutritive power of the protoplasm ape devoted 


18 MANUAL OF PHYSIOLOGY. 


to the manufacture of a tough insoluble substance. The cells thus 
gradually lose their vital activities, and are converted into horny 





Fig. 10.—Section of the epjderm # the prepuceShpwing the super-imposed 
layers of cells of a stratified epithelium. (Cadiat.) 


a. Young proliferating cells. %—d. Cells advancing towards surfaceg ¢. Flattened 
cell of horny layer. /. Basement membrane. g. Connective tissuc. 


scales, which form the external f Shatin skin, and its many modi- 
fications that give rise to the different dermal appendages, such as 
hair, feathers, &c. Instead of a hérny substance, the protoplasm 
may manufacture fat in the bodies of the cells, and the adult cells, 
being moved on by the young cells arising beneath them, are heaped 
together as an indefinite mass which passes off as a fatty mixture. 
In other cases the reproductive activity of the cell is in abeyance, 
and ite remainiffg nutritive energy is devoted to the manufacture 
of a material which is poured out of the cell at certain periods. 
Thus we have another great function performed by the epithelial 
tissues, namely, that of manufacturing certain materials which, being 
collected by suitable channels, appear as secretiona. 
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The active elements of glandular tissue are epithelial cells whose 
nutrition seems to lead to the formation of specific chemical pro- 





Fig. 12.— Section of milk gland of 
cat, showing secreting cells con- 

Fig. 11.—T wo cells of scaly epithelium from taining fat globules, and some 
the inside of the cheek. (Ranvier.) secretion in alveoli. 





ducts within their pgotoplasm. These products pass out commonly 
as fluids, and form various substances of great importance in the 





Hig. 13.—Ciliated epithelial cells Fig. 14.—Stratified ciliated epithelial cells from the 
from the gills of mussel. trachea of man. (Cadiat.) 


adie) a. Large surface cells, with cilia on surface. 
b. Lower cells in earlier staggpf development. 
e. Cell charged with mucus. 


economy. <A gland then is simply a special arrangement of epithelial 
cells, generally lining the sacs or tubes into which the secretion is 
poured, 

c 2 
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The covering of epithelium is in various places found to be modi- 
fied in different ways, so as to suit it for the special part in which it 
is placed. Some tracts are covered 
with fine moving hair-like pro- 
cesses, called cilia, which give rise 
to a slight motion of the fluids in 
contact with them. 

Other differences wij] be given 
jn detail with the description of the 
duties of the many mucous sur- 


faces. The most striking, and at the 


Fig. 15.—-Epithelial cells, som i ‘ : ‘ 
are filled with mucus (@), forming same time the most interesting 
goblet-like cells. (Cadiat.) modifications are those in the 


special sense organs, where the 
cells are in immediate connection with nerves, and aid in forming 
the special nerve terminals.* 





Nerve Tissur.—The great nervous centres are formed from 
certain cells of the outer germinal layer, which, in the earliest days 
of the embryo, dip in as a furrow, and are gratin Sly cut off from the 
parent tissue by the rapid growth of the middle germ-layer. In 
looking for special conducting 
tissue in anima%s possessing the 
most simple structure, we find 
cells which would seerfi to pos- 
. Bess éertainly a two-fold, and 

ae possibly a three-fold function,— 
Pe: Go i monaco yay one of which is conguction. In 
@ the so-called “ neuro-muscular” 


cells of the hydra, processes are described as found to pass off from 
them, and to unite beneath the ectoderm with other fibre-like processes, 
which are eminently contractile. Here we find for the first time a 
portion of protoplasm specially devbted to acting as a conductor of 
impulsee, and attached by the one end to a contractile fibre, and by 
the other to a surface (sensory) cell. The intimate relation between 
the development of nerve and muscle fibres is thus established, and 
we have the first attempt at a nerve mechanism, viz., a cell capable 
of receiving impressions, and a fibre capable of transmitting the results 
of these stimuli. As further differentiation proceeds, each of these 
parts becomes more distinct from the other, and ultimately the adult 


* A fuller account of the Histology of these tissues will be found in the chapters 
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nerve tissue is found to be made up of nerve or ganglion cells, 
nerve fibres, and special nerve endings. The fibres commonly 
act as lines of communication between 
two cells: they connect together the 
numerous cells in the various parts of 
the brain and spinal cord, or pass between 
the cells of these central nerve organs 
and special cells situated throughout the 
body, which might be called the peri- 
pheral nerve organs. 





The simplest idea then of a special Fig. 17. 
nerve apparatus is a fibre connecting two g gensory receiving organ 
cells. The peripheral cell may be a re- with on afferent 
nerve 


living organ (fig. 17, 8), from which, g Contra organs — ganglion 
when stimulated, impulses are transmitted 
along the fibre to the central nerve cell, 
where they give rise to certain impressions, 
and so we have a sensory nerve apparatus. Or the central nerve 
cell may be the reeling agent, getting stimuli from its central 
neighbours, and trarfimitting im- 
pulses to a peripheral nerve ter- 
minal, by which the energy is, as 
it were, handed over toa muscle (™) 
or glarid, and so we have a simple 
motor or secretory apparatus. 
Where the effect of a stirgutus can 
be definitely traced from one nerve 
cell to anoth@r, and from thence by 
a second fibre to a third cell, the i 
impulse is said to be reflected by 
the second cell to the third. And 
there we have what is called g 
reflex act. 

The essential part of a nerve 
fibre is a kind of protoplasmic 
band, in which the finest fibrilla or ig.1s.—Three medullated nerve fibres, 
thread-like marking can be made the medullary sheath of which is 
out with the aid of reagents and a Neg manvior, prrere ie 
powerful microscope. Thisis called Two non-medullated nerve fibres, with 
the axis-cylinder. In some nerve —™¢le! in the primitive sheath. 
fibres (mostly in the brain and spinal cord) the axis-cylinder is naked, 
and even, a single fibrilla may so pass from ope cell tognothér in the 


M. Perigherl ce and effe- 
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brain matter. In other parts the axis cylinder is generally covered 
by a thin membrane, called the primitive sheath, or with a soft oil-like 











ZL Ce) 
oeOfo® A ce) o9 " if 


t ios be : ‘ . 





Fig. 19.—Multipolar cells from the anterior grey colon? of the spmal cord of 
the dog-fish (a) lying in a texture of fibrils; (4) pfolongation from cells; 
(c) nerve-fibres cut across (Cadiat.) 
substance, called the medullary sheath, or, a8 is commonly the case in 
all peripheral nerves, by both. The primitive sheath encloses the 


medullary sheath, which surrounds the axis-cylinder. ‘ 





straight and spiral fibres. of a cat. The delicate protoplasm has 

(After Beale and Arnold). shrivelled here and there from the cell wall. 
These fibres are made of peculiarly modified cells, which are, however, 
20 elonghted as not to be very easily recognised as such in adult tissue. 
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The nerve or ganglion cells vary extremely in general form and size. 
The commonest in the nerve centres are large bodies with a clear 
well-defined single nucleus, and distinct nucleolus; they commonly 
have two or more processes, which are connected by nerve fibres to 
other cells, and to the axis-cylinder of nerves, This latter does not 
branch as the other processes sometimes do, and when it can be 
traced, appears to enter the protoplasm, running towards the 
nucleus, e 

The peripheral nerve cells are generally much modified, and often 
small compared with those in the centres. Besides the cells in the 
sporadic ganglia, which are large rounded corpuscles with but few 
processes—there are many other bodies connected with the peri- 
pheral nerves which cannot be called ganglion corpuscles. They are, 
however, nevertheless nerve cells. 


Muscuzs on Conthactite Tissuzs.—When changes take place 
in protoplasm adapting it specially for contraction, it is termed muscle 
tissue. The large masses of this tissue attached to the skeleton so as 
to move its various parts, form the flesh of the higher animals. 
Muscle tissue is, algfost invariably, connected with nerve tissue, and 
acts in response to stimuli communicated from the nerves. In some 
of the lower animals the two tissues are so intimately related that it 
is not easy to &parate them, and the development of both progresses 
equally as we ascend the scale of animal life. They are nearly 
related® in their origin, or even sfring from the same primitive 
tissue. In fact, as has glready been mentioned (vide p. 20), they 
form but one structure in some of the nore simple and less diffe- 
rentiated gnimals. The neuro-mugular tissue which is formed from 
the outer layer of the embryo, m the forerunner of the muscles as 
well as of the nerves of the embryo of the higher animals. 

In the higher animals and man muscle tissue consists of two dis- 
tinct kinds of textures, commonly spoken of as— 


e ® 
a. Smooth or non-striated muscle. 
b. Striated muscle. 


In the smooth muscle the individual elements present all the 
characters of a cell, but very much elongated and flattened, and con- 
tain a single long nucleus. They contract very fowly and persis- 
tently and require a comparatively long time for the nerve influence 
to affect them, so that an obvious interval exists between the 
moment of their stimulation and their contraction. They are there- 
fore commonly found in the internal organs and in situations where 
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and 


separated from the sarcolemms 
(a) and (2); (p) space under 


sarcolemma. (Ranvier.) 


f the 


conscious 0: 


ears 
Ye 


in which the contractile sub- 
stance (m) has been ruptured 





cle, 


Fig. 23.—T wo fibres of striated mus- 


. (Ranvier.) 


contractions are required. They receive their 
wellseen. (Schifer.) 


nervous supply generally from the sympathetic system, and perform 


—Celis of smooth muscle tissue from 
intestinal tractesf rabbit 


22. 
the 
A. and B.—Musele cells in which differentiation 


of the protoplasm can be 





gradual and 
Fig. 


activity or being able 


ir 


without our being 
to control & by opr will. 


their duty 
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Striated muscle tissue is made up of cylindrical fibres of such length 
that both extremities cannot be brought into the field of the microscope 
at the same time. Their exact relation to cells is not so easily made 
out as in smooth muscle, and doubtless varies in different muscles. 
Sometimes the fibres are made up of single cells, and in other cases 
they are formed by the permanent fusion of several cell elements 
which never differentiate into separate elements, owing to the im- 
perfect division of the cells, but make up one masz, the multiple nuclei 
of which alone make its mode of origin apparent. The contractile 
substance is made up of two kinds of material, one of which refracts 
light singly, while the other is doubly refracting. These are ranged 
alternately across the fibre, making the transverse markings or striz 
from which it gets its name. This striated material is quite soft and 
is encased in a thin homogeneous elastic sheath called sarcolemma, 
which keeps the fibre in its normal shape. 

This form of muscle may be considered the widest departure 
from the primitive protoplasmic type imparting to it contractility. 
It moves with wonderful rapidity, contracting almost the instant its 
nerve is stimulated. It forms the great mass of the quick-acting 
skeletal muscles, “befng attached to the bones by bands composed 
of a form of fibrous connective tissue, which form the tendons and 
fascise. Muscles made of striated tissue are commonly under the 
control of the vill, and hence are frequently spoken of as voluntary 
muscles, but this term is misleading, for many striated muscles are 
not go¥erned by voluntary control. 


THE Connective TissvE group, coming exclusively from the 
middle gagminal layer, exhibits very great varieties of form. Its 
cells differ much from the epitheMal cells both in their character and 
their relations, and particularly in the adult tissues. 

Under the heading Connective Tissues are generally classed all 
those which support the frame and hold together the various other 
tissues and organ& They are— 


1. Mucous and retiform connective tissue. 

2. White and yellow fibrous tissue. 

3. Cartilage. 

4. Bone—as well as certain modifications of thgse types. 


The cells of all these tissues have the property of manufacturing 
some material which however does not generally enclose them as a 
cell wall, but remains between the cells and forms the intercellular 
substance. The younger the tisaue the greater is the proportion of 
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its cell constituents, and the older the issue the greater will be found 
the preponderance of the intercellular substance. 

Mucous Tissun.—lIn certain parts of the embryo and in some of the 
lower animals a kind of connective tissue is found in which there is 
but little intercellular substance, the mass of the tissue being thus 
made up of cells. This cellular connective tissue never forms an 
important texture in the adult man, but is interesting as the probable 
tissue from which all the connective tissues are formed in the 
embryo, and as occurring in abnormal growths or tumours. 

The first step in differentiation is the secretion of a large quantity 
of soft homogeneous, semi-gelatinous or fluid material like the mucus 
secreted by epithelium. In this the cells lie, either free or united by 





e 
Pie Mcigu la! Satta hassadb oie ofentage « mkonw tar toc 
dary of . (Cadsat.) 

long protoplasmic processes. Thais isthe mucous tissue common in the 
lower animals, in textures of the embryo in the adujt and in patholo- 
gical growths of the connective tissue type. The processes uniting 
the cells may not be present, and the cells may be reduced to a 
minimum, as occurs in the vitreous humour of the eye. But more 
commonly the soft gelatinous substance is 1educed in amount, and the 
processes connectgng the cells are converted into a dense network of 
delicate threads to form the retiform tissue of lymphoid structures. 

Frerovs Tissvz.—The cells may become further differentiated 
and fibrillated. When the thickness of the cell proveases is great, 
and their fibrillation well marked, the cells appear to devote all their 
reproductive engrgy to the formation of this fibrillated substance 
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which ultimately forms the great bulk of the tissue, while the cells 
become gradually and proportionately fewer in number. In this 
case only sufficient of the mucous substance generally remains to 
cement the fibrils together into bundles. A few of the cells, however, 





Fig. 25 Calls of mnooas tyme with branching processes (B) and a couple of elastic 
fibres (F). ?( Ranier.) 





meres ce. eae eee = — 
Fig. 26.—Portion of tendon from the tail of a young rat, stained with gold chloride, 
showing arrangement of flattened cells on bundles of fibrils. (After Klein.) 
remain between the bundles of fibrils to preside over the nutrition of 
the tissue. Thus is formed the non-elastic or white fibrous tissue of 
tendon. 
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Fig 28.—Elastic membrane from inner 
Fig. pe Sevarice coat of aorta, and, below, meah- 
fibres 


after treatment with strong work of elastic fibre® from a yellow 

palm (Cadiat.) hgament. (Caduat.) 
As a general rule these fibrilseare easily affected by chemical 
re-ngents., Weak 


* @acids cause them 

a to swell up and 
of PO become indistinct. 

fa ie — , Baryta water affects 
Ca the cement and ren- 

4 ders them easily 












separable. § They 
swell and dissolve 
in boiling water 


yielding gelatine, 

which forms a jelly 
on cooling, 

Fig. 29.—A tensed preparation of connective tissue In some parts of 

fine and coarse elastic fires mingled with the body, however, 

a different kind or 

intercellular  sub- 

which is highly elastic, does not give gelatine on 


} 
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boiling, and is not affected by weak acids or alkalies. This is 
spoken of as Yellow elastic tissue. It is sometimes found alone form- 
ing an elastic band or ligament, but 
more commonly mingled with fibril- 
lar tissue to form the common con- 
necting medium which lies under 
the skin and between the various 
other textures. 


In CarrtiLaGE the intercellular 
substance secreted by the cells is 
hard, and forms in the earlier stages 
of its development cases or cell 
walls for the cells. These cases 
subsequently increase in thickness, 
and become fused togtther into a ho- 
mogeneous intercellular substance, 





Fig. 30.—Sftection of hyaline cartilage 


where ultimately the capsules belong- from the end of a growing bone, 
ing to the different cells can no longer showing a decrease in the inter- 
be distinguished Trytu one another, so rrepaynlicrciabasi permet “fi bh 
that in the adult tissue there is seen which are arranged in rows. 


to be a tough matrix of intercellular 

substance, i which the cells are scattered, apparently occupying 
small cavities. These cella, which are the remote offspring of 
those*which formed the tissue pernhnently, preside over its nutrition. 





. 31,—Elastic fibro-cartilage, cells i 
“ and elastic fibres in matrix. Codiat.) — 


The intercellular substance, which is quite homogeneous in common 
6 
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hyaline cartilage, is sometimes modified so as to resemble fibrous 
tissue, sometimes the fibrillar, and sometimes the elastic form being 


produced. (Figs. 31 and 32.) 





Fig. 82.—White fibro-cartilage, showing cells (a) in capsules and fibrillar 
matrix (b). (Cadiat.) ° 


Bone is probably the most advanced differentiation of the 
connective tissue 


» The inter- 
Qlular substance | 
is characterised by 
containing a great 
quantifY of earthy 
or inorganic matter, 
which gives® the 
e , tissue Its®enormous 
strength. It is, 
moreover, @ every: 
where traversed by 
the processes of the 
cells lying in little 
eanals (canaliculi), 
whith connect the 
spaces (lucunm) in 
which the proto- 
plasmic hone cells 


sojourn. 
Fig. 33.—Transverse sftion of a system of Havers, In the formation 


showing Haversian canal in centre, bone cells 
around it in lacune, which arWconnected by Of bone from fibrous 


the delicate canaliculi, (Cadiat.) or __ cartilaginous 
tissue the original 


intercellular, substance disappears, and a set of cells with new 


pe gee he NS cee 
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lig 34 — Seotion through oasify ing cartilage and newly-formed bone (Cadiat } 
a Developing cartilage cella e Blood corpue les 
6 Degenerating cartilage cells JS Onsteoblasta 
r Cell apace, empty g Ditto of periosteum & 
@ Spicule of calcareous deposit hk Bonb cells ’ 
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formative powers come upon the field (Fig. 34). These new cells 
(osteoblasts) cover the growing surface of the bone and secrete and 
lay down in layers a new kind of intercellular substance, which is the 
bone matrix. Here and there at wonderfully regular intervals an 
osteoblast ceases to secrete the calcareous intercellular substance, 
while its neighbours continue formative activity. Consequently, this 
osteoblast, or as it may now be called young bone cell, becomes sur- 
rounded by calcareous intercellular substance, and is thus perma- 
nently lodged in the bone tissue. 

The Vascutark System is developed in the middle germinal layer 
with the earliest stages of the connective tissue. The blood vessels, 
which are chiefly made up of connective tissues, soon traverse all the 
parts of the body, and distribute the nutrient fluid or blood. And 
even the blood may be considered as an outcome of the connective 
tissues, since the cells of the blood are at first, formed from the meso- 
blast, and later from the connective tissue corpuscles. 

An arrangement of special cells, such as epithelial or muscle cells, 
with a special function, constitutes an organ, However, in the higher 
animals and man an organ is almost invariably.a gomplex structure, 
having various tissues entering into its cotruction. Thus a 
skeletal muscle is made up of a quantity of muscle fibres held to- 
gether by sheets of connective tissue, and attached tg bones by con- 
necting bands. It is further traversed by many blood vessels, and 
the fibres are in immediate relation to certain nerves which termi- 
nate in them. The various secreting organs are made up of epithelial 
cella, held together by connectige tissue anf jn close relation to blood 
vessels and nerves, and are so arranged that they pour their secretion 
into a duct. The bones, which dre the organs which givt the body 
support, contain in addition to tle bone tissue of which they are 
composed, a great quantity of indifferent cells, fat cells, nerves and 
blood vessels. They are covered gn the outside with a tough vascular 
coat, which gives them strength, assists their nutritive repair and 
reproduction, and acts as a point of attachment for the muscles and 
ligamenta. Where the bones are in immediate relation at the joints, 
they are commonly tipped with cartilage. 

If, then, we analyse anatomically the architecture of the human 
body, we shall fipd that it is made up of a number of complex parts, 
each adapted to some special function, and composed of such an asso- 
tiation of the simple tissues as the special part demands. 

The general arrangement of these organs and their modes of action 
will be discussed in a future chapter. 


CHAPTER III. 
CHEMICAL BASIS OF THE BODY. 


Ir seems natural to commence the description of the molecular 
changes that take place in the various tissues and organs of the body, 
with a brief account of the chemical composition of the most cha- 
racteristie substances found in animal textures, because none of the 
mysterious processes of cell life, or tissue activity, can he satisfactorily 
studied without familiarity with the more common terins occurring 
in physiological chemistry. 

The chapter on this subject here introduced, is intended rather to 
give the medical estydent a general view of the chemical composi- 
tion and characters of those substances most frequently met with in the 
chemical changes specially connected with animal life, than to supply 
a complete or apstematic account of the relationships of the chemical 
Vases of the body, for which reference must be made to more advanced 
text bguks, or treatises on the syecial subject of physiological 
chemistry. This review must moreover be inadequate in the case of 
many bodies, but they Wifl be amin 1ferrad to when speaking of the 
function with which they are associated. 

It has :fready been stated that pf the sixty-three elements known 
to chemists, a comparatively small number form the creat bulk of 
the animal body, although traces of many are constantly present. 
Thus, we shall see that four clement3, namely, (1) oxygen, (2) carbon, 
(3) hydrogen, (4) gitrogen, are yresent in large proportions in every 
tissue, and together make up about 97 per cent, of the body ; and 
sulphur, phosphorus, chlorine, fluorine, silicon, potassium, sodium, 
magnesium, caleium and iron, are indispensable te the economy, and 
are widely distributed, but are found in comparatively minute quan- 
tities, Occasionally traces of zinc, lead, copper, lithium, and other 
minerals may be detected, but these must be regarded rather as acci- 
dental than indispensable ingredients. 

The attempt to investipnte the composition of a living tissue hy 
‘hemical analysis, must cause its death, and thus alter the arrange- 


34 MANUAL OF PHYSIOLOGY. 


ments of its constituents, so that its true molecular constitution whem 
alive, cannot be determined. 

We know that the composition of all living textures is extremely 
complicated, every one being made up of a great number of com- 
ponents, most of which contain many chemical elements associated 
together in very complex proportions. 

But as has already been pointed out, the complexity of their 
chemical constitution is not so wonderful as another fact which sounds 
paradoxical, that, in order to preserve their elaborate composition, 
they must constantly undergo a change or renewal, which is neces- 
sary for, and forms the one essential characteristic of, their life. In 
fact, their complexity and instability is such, that they require constant 
reconstruction to make up for the changes inseparable from their 
functional activity. 

Their chemical constituents are easily and permanently dissociated, 
and the various components are themselves readily decomposed, 
generally uniting with oxygen to form more stable compounds. 

The investigation of the chemical changes, known as assimilation. 
forms a great part of physiological study, and thgefore will occupy 
many chapters of this book. Here we can only*call attention to the 
chief characteristic substances to be found in the animal body, as 
the result of the primary dissociation or death of the textures, and 
briefly enumerate the products of their further decomposition as 
obtained by the analysis of the different substances. 

The tissues of the higher animals present a greater variety "of suh- 
stances, materially diffeyny ia chemical apmpositior’ ; they have. 
however, all been made from protoplasm, and contain a proportion 
of sume substance forming a lediing chemical constituest of proto- 
plasm. Every living tissue contaiffs cither protoplasm or a derivative 
of it, and the special characters of each tissue depend upon the 
greater development of some oneof these sulstances. 

It is of little use to classify the numerous chemical constituents 
found in the animal body, in such a “systematic manner aa to satisfy 
the rnles of modern chemistry, because their classification from a 
strictly chemical point of view, does not set forth their physivlogical 
importance or express in any way the relation they bear to the 
vital phenomeng of organisms. 

The following enumeration of the chief chemical ingredients found 
in the tissues has regard to their physioloyical dignity as well as to 
their chemical construction, and will thus it is hoped asaist the 
student to distinguish the different groups, and give him a better ides of 
their vitel relatjonships, than a more strictly systematic classification. 


PLASMATA, 30 


A. NITROGENOUS. 


I, Complex bodies forming the active portions of all tissues— 
Plasmata. .g., protoplasm, blood-plasma. 

II. Bodies entering into the formation of, and which can easily 
be obtained by analysis of Group I., Albumins. Z.g., serum- 
albumin. 

III.» Bodies the outcome of differentiation, manufactured in the 
tissues by Group I., Albuminoids. £.9., gelatin, &c. 

IV. Bodies containing nitrogen, being intermediate, bye, or 
effete products of tissue manufacture. £.g., lecithin, urea, &c. 


B. NON-NITROGENOUB, 


V. Carbohydrates in which the hydrogen and oxygen exist in 
the proportioh found in water. E.g., starch and sugar. 

VI. Hydrocarbons containing oxygen in less proportions than 
the above. E.g., fats. 

VIL. Salts. 

VIII. Water. ¢ 


Crass A, NITROGENOUS. 


Group J, PLASMATA. 


Under this group may be placed a great variety of materials which 
must be acknowledged to exist in the living tissues as exalted chemical 
compounds, df whose chemical constitution, however, we are ignorant, 
since it is altered by the death of the tissue. 

There are some exceedingly unstable associations of albuminous 
bodies with other substances, and they at once break up into their 
more stable constituents, dead albumins, fats, salts, &c., as soon as 
they are deprived of the upportunitjes of chemical interchange and 
assimilation which are necessary for their life. 

Although we can only theorize as to the real chemical constitution 
of such substances, we must believe that they really exist in the 
living tissues as chemical compounds, and, moreover, as chemical 
compounds endowed with special properties which impart the specific 
activity of their textures, whose molecular motiong in fact are the 
essence of the life of the tissues. 

Protopiasm : By far the :nost widely spread and important of these 
is the soft jelly-like substance, Protoplasm., This is the really active 
part of growing textures of all organisms, whether animal or veye- 
table, and forms the entire mass of thoae intermediate foihs of life, 

° pn 2 
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the protista, which are now generally regarded as the original fountain 
head of life on the globe. 

This material commonly exists in small independent masses (cells), 
in which we can watch all the manifestations of life, assimilation, 
growth, motion, &c., taking place. We must assume that this sub- 
stance is a definite chemical compound ; and, further, since the living 
phenomena are exhibited only 30 long as it preserves ita chemical 
integrity, we may conclude that its manifestations of life depend 
upon the sustentation of a epecial chemical equilibrium. Not only 
is thie equilibrium destroyed by any attempt to ascertain the chemical 
composition of protoplasm by analysis, but even for its preservation 
the protoplasm must be surrounded by those circumstances which 
are known to be necessary for life, viz., moisture, warmth, and suit- 
able nutritive material, or its chemical destruction must be warded 
off by a degree of cold that checks its chemical activity. 

If the chemical integrity of protoplasm be destroyed and its death 
produced, many new substances appear, amongst which are representa- 
tives of each of the great chemical groups found in the animal tissues. 
Thus, besides water and inorganic salts we get, from protoplaam 
carbohydrates represented by glycogen, lecithin$and other fats, and 
several albuminous bodies, which will be described in the groups to 
which they belong. In addition to these, protoplasm often containg 
some foreign bodies which have come from without,‘and special in- 
gredients of its own manufactyre, such as oil, pigment, starch, and 
chlorophyil. ° 

Blood-plasma : There is another body in Kyjng blood Which must be 
included in this group, ag it undoubtedly ha» a much more complex 
constitution than any of the indfvidual albuminous bodies, presently 
to be described, which can be obtaihed from it. This is proved by the 
following facts: first, ite death is accompanied by a series of chemical 
changes, viz., disappearance of fgee oxygen, «liminution of alkalinity, 
and a rise in temperature, and secondly, that several albuminous 
bodies appear which were not present as such in the living plisma. 

The spontaneous decomposition of separated blood-plasma may be 
delayed by cold ; at freezing point the chemical processes are thus 
held in check. During life the exalted constitution of the plasma is 
sustained by cegain chemical interchanges which go on between it 
and its surroundings. This question will le more fully discussed 
wher the coagulation of the blood is describe. 

Meuscle-plaoma: Likewise,as will be found in the chapter on Muscles, 
there exists in the soft, contractile part of striated muscles a plasma 
which af ite death spoytaneously breaks up into several distinct 
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albuminous bodies fand forms a coagulum. These changes are ac- 
companied by acidity of reaction, the disappearance of oxygen and 
an elevation of temperature, showing that distinct chemical change 
is taking place. 

Oxy-hemoglobin, the colouring matter of the blood, should be 
included here amongst the important chemical bodies more complex 
than the albumins. This singular body can be broken up into a 
globulin and a colouring matter hemutin containing iron. It differs 
from all other bodies of a similarly complex nature from the fact that 
it readily crystallizes, and also in the very remarkable manner in 
which it combines with oxyyen, and again yields it up. 


Group II, ALBUMINOUS BODIES. 


It is difficult to say how far these bodies exist as such in the living 
organism, but they can be obtained from nearly all parts, particularly 
those which contain active protoplasm, and after its death they 
can be detected in abundance. As may be seen, by testing for their 
presence in liviny protoplasm, the addition of any chemical re-agent 
or treatment caused its death, so that although albumins appear in 
the test-tube, this cannot be accepted as proof that they would have 
answered to the tests before the protopiasin was changed by its death. 

They du not occur normally in any secretion except those sub- 
stances which tend to nourish the adult body, and tu form and 
nourish the offspring, viz., the ovum, semen, and milk. No satisfac- 
tory furmuld has been suggested to «xpress their chemical composi- 
tion, but the averaye per-centaye of the elements they contain is 
remarkal@y alike in all members of the group. This may be said tu 
be in round numbers as fullows :— 


Oaygen . : é : . 21 per cent. 
Hydrogen 2 ww ” 
Nitrogeh . .  % ¢ = AG | 
Carbon ‘ ; ; : . . 53 


Sulphur. ; ; ; : . it ‘6 

They are amorphous, of varying solubility, and with one exception 
indiffusible in water. 

As far as we know at present, albumins cannot be constructed de 
novo in the animal body, but must be supplied in one form or another 
as part of the food. Albumins are therefure always the outcome of 
the activity uf vegetable life, 2 
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They can be recognised by the following tests :— 

1. Strong nitric acid gives a pale yellow colour to strong 
solutions or solid albumin, which turns to deep orange when 
ammonia is added (Xanthoprotetc test), 

. Millon’s Re-agent (acid solution of proto-nitrate of mercury) 
gives a white precipitate which soon turns yellow, changing to 
rosy-red on prolonged boiling, or after standing for some days. 

3. Solution of caustic soda and a drop of cupric sulphate solution 

give a violet colour to the liquid. 

4. Acetic acid and boiling give a white precipitate. 

5. Acetic avid and potassium ferro-cyanide give a floceulent 

white precipitate. 

6. Acetic acid and equal volumes of sodium sulphate solution 

give a precipitate on boiling. 

With sugar and sulphuric acid they become violet. 

Crystals of picric acid added to their solutions dissolve and at 

the same time cause bead-like lucal coagulations. 


bo 


oy 


CLASSIFICATION OF ALBUMIN. e 


Under the head of the albuminous bodies we find several classes 
which differ from each other in slight but very important points. 


The first class may be called : 
A. Albumins Propa:, or Native Albumins. s 
They consist of : . _ e 


1. Egg-Albumin, which does not occur in the ordinary tisaues of 
the animal, can be procured }f filtration from the wiftte of an 
egg. It makes a clear or slightfy opalescent solution in water, 
from which it is precipitated by mercuric chloride, silver nitrate, 
lead acetate, and alcohol. It is apagulated by heat, strong nitric and 
hydrochloric acids, or prolonged exposure to alevhol and ether, 

2. Serum-Albumin, on the other hand, is one of the chief furms of 
albumin found in the nutrient fluids. 


It differs from egg-albumin in— 
(a.) Not ting with ether. 
(6.) The pitate obtained by strony hydrochloric acid being 
readily redissolved by exccas of the acid. 
(c.) Coagulum being more readily suluble ia nitric acid, 
(d.) Ite specific rotatory power being 56°, while that of egg- 


aljumin is 35°5°. 
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(¢.) If introduced into the circulation, it is not eliminated with 
the urine as is egg-albuniin. 


B. Globulins. 


Associated with the last during the life of the tissues we find 
another class of albumins, namely, the globulins, which do not dissolve 
in pure water, but are more or less soluble in a solution of common 
ralt. These may be divided as follows :-— 

1. Globulin (crystalline) occurs in many tissues, but is usually 
obtained from an extract of the crystalline lens made by triturat- 
ing it with fine sand in a weak solution of common salt, and then 
passing a current of carbon dioxide through the solution. The 
wlobulin falls, being easily precipitable from its saline solution by 
very weak acid. This form of globulin does not cause coagulation on 
its being added to a serous fluid, and in this respect differs from the 
neat members of this division. 

2, Paraglobulin (fibrinoplastin) can be olttained by passing through 
diluted serum a brisk stream of carbon dioxide. When a fluid con- 
taining paraglobyjin, is added to a serous transudation, it causes 
coarulation of the fidid giving rise to fibrin. 

3. Fibrinogen, a viscous precipitate got from serous fluids or blood 
in the same way as the last, but with greater dilution and more pro- 
longed use of carbon dioxide. It is similar in its characters to the 
last, byt cougulates at a lower temperature (55° (.) (parazlobulin 
coagulating at 60°—70° C.). On its addition to detibrinated blood, 
ora fluid cofitaining paraglobulin, it formy a coagulum, 

4, Myosin, oltained from dead muscle, being the soft jelly-like clot 
formed chering rigor mortis from th® dving muscle plasma, It is not 
so soluble as ylobulin, for it req&ires a stronger solution of salt to 
dissolve it, and is precipitated from its saline solution by solid salt or 
by dilution. It is coagulated at 605(C. 

5. Vitellin, a white granular proteid obtained from the yolk of egg. 
It is very soluble in 10 per cent, saline solution, from which it can be 
precipitated by extreme dilution, but not by saturation with salt. It 
coagulates between 70° and 8” C. 


C. Derived Albumins (Albu mutnates). 


1. Acid-Albumin (Syntonin) can be made from any of the preced- 
ing by the slow action of a weak acid ; or by the addition of strong 
acetic or hydrochloric acids to native albumin, such ax exists in white 
of egg, und dissulving the jelly, thus formed, in water. It is only 
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soluble in weak acids—exact neutralisation precipitating it. With 
the least excess of alkali the precipitate redissolves, becoming changed 
into alkali-albumin. 

So long as it is dissolved in weak acid it will not coagulate on 
boiling, but it coagulates and becomes incapable of re-solution if 
heated while precipitated by neutralisation. 

2. Alkals-Albumin.—Similar to the last, but produced by the action 
of either weak alkalies and dilute solutions, or strong solutionaf potash 
on white of egg. Its general behaviour is the same as the abuve— 
but as it differs in composition, containing no sulphur—it can there- 
fore be distinguished by the absence of the brown colouration which 
appears on heating acid-albumin with caustic potash and lead acetate. 

3. Casein is the proteid existing in milk, and resembles alkali- 
albumin in its reactions, It can be precipitated from milk by 
rennet, or acetic acid in excess, but not by exact neutralisation, 
owing to the presence of potassium phosphate. 


D. Fibrin, 


A solid filamentous boily, the result of chemicaMshanges accompany- 
ing the «death of the blood-plasma, during which the so-called fibrin 
generators are set free. It swells in weak hydruchloric acid, but does 
not dissolve while cold. If heated to 60° C. in acid, it changes to acid- 
albumin and dissolves. By 10 per cent. neutral saline solutions, a 
substance like a globulin may %e extracted from it. If hefted, it 
assumes the characters of a coagulated proted, ‘ 


E. Coagulated Albumin. “ 


If any of the above be heated to’ 70° C. (except acid and alkali 
albumin, which must first be precipitated by neutralisation) they 
coagulate and become extremely insoluble and lose their forner 
characters. They are but very slightly acted on by weak acids, even 
when warmed. Strong acids dissulve them, but this solution is asso- 
ciated with a destructive change. They are, huwever, readily con- 
verted by the digestive ferments and juices into peptones, and thus 
dissolved, 

® F. Peptone. 


This substance is formed by the action of the digestive ferments 
from any of the above albumins, in the stomach by pepein in the 
presence of dilute acid, and in the small intestines by trypsin in the 
presence of dilute alkali. This change renders them more soluble 
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and diffusible, and thus enables them tu pass out of the alimentary 
canal into the system, and makes them more suited to take part in 
the nourishment of the body. 

The leading characteristics of peptone may be thus enumerated :— 


1, Very ready solubility in hot or cold water, acids or alkalics. 

2, Not coagulable by heat. 

3. They are precipitated by alcohol but not changed to the co- 
ugulated form. 

4, They diffuse readily through animal membrane. 

5. They are not precipitated by sulphate of copper, chloride of 
iron, or ferro-cyanide of potassium and acetic acid. 

6. They are precipitated by iodine, chlorine, tannin, chloride of 
mercury, and the nitrates of silver and mercury. 

7. Caustic potash and a trace of sulphate of copper added to 
their solution: give a red colour which deepens to violet 1f 
too much of the copper galt be used. 


The formation of peptones is a gradual process having many inter- 
mediate steps, in the earlier stages of which, precipitates are formed 
by ferru-cyanide of Qotassium and acetic acid. (Fede Chaps, VIII. 
and IX. and on Chemistry of Digestion, pp. 116 and 124.) 


° Group I1T, ALBUMINOIDS. 


Theeg are the outcome of nutritive modification of protoplasm, 
and may be said to be directly manufactured by that substance, 
and to be specially adafted to megt the requirements of certain 
textures differmyg widely in function. They are allied to one another 
and to the fast group by —(a) their pér centage composition * ; (b) con- 
taining nitrogen ; (c) being ssuahihioak colloids, They differ from 
albuminous bodies in —(a) their solubility ; (b) their behaviour to 
heat, acids, alkalies and the digestive fluids ; and (c) their value as 
food-stuffs. 2 

1. Mucin is the characteristic ingredient of the mucus manufactured 
by epithelial cells, and is also found im connective tissue (abundantly 


* The following Table gives the com poaton of the principal albumingids and 
albumin .— 
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in that of the foetus) and in some pathological growths. It gives a 
peculiar thick ropy consistence to the fluid containing it, enabling it 
to be drawn into threads, It is precipitated by mineral acids, alum, 
and alcohol, and the precipitate swells in water and is re-dissolved 
in excess of the acid. With acetic acid a precipitate is formed which 
does not re-dissolve in an excess of the acid. When boiled with 
sulphuric acid it yields leucin and tyrosin. 

2. Chondrin is obtained by the prolonged boiling in watey of slices 
of cartilage cleared of the perichondrium. On cooling, this solution 
forms a jelly. The jelly dissolves easily in hot water or alkalies, and 
can be precipitated by acetic or weak mineral acids, alum or acetate 
of lead. It gives only Jeucin on boiling with sulphuric acid. 

3. Gelatin is produced by boiling fibrous connective tissues, such as 
ligaments, tendons, the true skin and bones in water. On cvoling, 
the fluid forms a jelly, which can be dried to a colourless brittle body 
which swells in cold water and dissolves on being heated. It is 
not precipitated by acetic acid, but yields precipitates with chloride of 
mercury or tannin, which latter is seen in making leather. On 
boiling with sulphuric acid it yields glycin and leucin but no 
tyrosin. x | 

4, Elastin is obtained from yellow elastic tissue by boiling with 
caustic alkalies. It is little affected by boiling water, strong acetic acid, 
or weak alkalies, but dissolves in concentrated sulphutic acid. It is 
precipitated by tannin, and yields leucin when boiled with sulphuric 
acid. . 7 

5. Keratin exista in the epidermic appendages (hair, horn, nails, 
&c.). It is like the albuminous bodies in containing a considerable 
quantity of sulphur, but differsefrom them and the othgr albumi- 
noids in general properties, It $ seluble in alkalies, swells in 
strong acetic acid, gives the xanthoproteic reaction, and is extremely 
insoluble in the digestive juices, 


Group IV. Propucts or Tissu—E CHANGE. 


Intermediate or bye products. 


These are, nv doubt, protoplasmic manufactures destined for some 
useful purpose, but they do not long exist in their original forin, 
being often brok@: up into other compounds they are re-absorbed, or 
poss away with the feces. These bodies are found in the various 
secretions. Most of them, however, can be better described with the 
function of the gland which forme the secretion in which they occur. 

Attentign must here be drawn however to certain complex boclies 
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existing in the bile. Some complex nitrogenous substances and 
the monatomic alcohol, cholesterin, will also be now mentioned. 
But the reader must remember that chemically they are pot con- 
nected with the other bodies the description of which immediately 
follows theirs, namely, the effete products. 

Bile Saits.--Two acids exist in the bile united with soda to form 
soluble soap-like salts. They may be recognised by the purple violet 
colour produced by cane sugar and sulphuric acid at a temperature 
of about 70° C, (Pettenkofer’s reaction). 

Tuurocholic Acid, (,,H,,NSO,, is most plentiful in the bile of 
carnivora and nian, where it oceurs combined with soda, It is 
decomposed by prolonged bvuiling with water into taurin and cholic 
acid, thus :— 

Taurocholic Acid. Taurin. Cholic Acid. 
C,,H,,NSO, a H,O = C,H,NSO, + C,,H,,0,. 

(flycocholic Acid, C,gH,,N Og, found in the bile of herbivora and 
man. It crystallises in fine white glistening needles. It exists as 
the glycocholate of soda in the bile. Dy boiling with weak acid it 
yields glycin and gholic acid. 

Glycocholic Acid. Glycin. Cholie Acid. 
CygH,,NO, + H,O = CyNH,O, + C,,H,,0,. 

In the bile wrtain matters also exist to which the colour is due, 
the principal being Lilirubin in man and carnivora, and liliverdtn in 
herbivofa. They are probably derived from the colouring matter of 
the blood. Tjiey can be pecognised by treating the solution with 
nitrie acid which is colohred with red"fum@, when a play of colours 
ending in a dull purple is seen. —e 

Lecithin, C,H, PO,, is a ccanplex nitrogenous fat found in 
most tissues and fluids of the body, particularly in the nerve tissues 
and yolk of egg. Itis an interesting product of decomposition of the 
constituents of the brain, which is Yelated in constitution to the 
neutral fata, and ie may be regarded agan acid-glycerine ether. It is 
easily decomposed when heated with baryta water, splitting into 
glycerin, phosphoric acid, neurin, and barium stearate. 

Another body called Cerebrin, not containing any phosphorus and 
of doubtful composition, can be obtained from brain substance, and is 
also found in nerve fibres and pus corpuscles. It is & light colourless 
powder which swells in water. 

Protagon, CyegnggNsPO 5) i8 by some supposed to be the chief 
constituent of brain substance, and by others said to be a mixture of 
the last two bodies. 
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Neurin (Cholin), C,H,,NO,, is an oily liquid only found in the 
body as a product of the decomposition of lecithin, but it has been 
obtained synthetically. 

Cholesterin, C,,H,,O0, exista throughout the body where active 
tissue change is going on, particularly the nervous centres. It is a 
monatomic alcohol, and is the only one existing free in the body. 
It may be obtained from gall-stones, some of which consist entirely 
of cholesterin. It may occasionally be found in a crystallised form in 
any of the fluids of the body normal or pathological, but it only 
seems to be an effete product, nearly all that produced in the body 
being discharyed along with the effete portions of the bile. It may 
be recognised by the shape of the crystals, which are rhombic plates, 
in which one corner is generally deficient, 


Effete Products. 


These, as has been stated before, are generally the outcome of 
the active chemical changes necessary for the growth and vitality of 
the living protoplasm, and are for the most part soon eliminated ly 
the excretory glands, so that but small quangiti€s of them can De 
found in the active tissues where they are produced. 

Urea, CO(NH,),, is the most important constituent of the urine 
of mammalia, but not of that of birds or reptiles. Graces of it may 
be found in the fluids and tissues of the body. It is readily soluble in 
water and alcohol, and forms erystals when its solution iseconcen- 
trated. It decomposes when treated with egme strong acyds or alkalie-, 
taking up water and yiclding CO, and NHB, and with nitrous acid 
gives CO, + N + Hi,O. It wag the first of the so-called“ organic ” 
compounds to be made artificially, being obtained in 1sz8 by mixing 
watery solutions of cyanate of potassium and sulphate of ammomum, 
evaporating to dryness and extracting with alcohol, or in short ly 
heating cyanate of ammonia with which it is isomeric. 

CN )« C 0" 
Ammonium Cyanate= N H,| O= + Payot 
a 
It can now be produced artificially in other ways. 

It has also been considered to be a diamide of carbonic acid 
(CO(OH),), thes two atoms of hydroxyl being replaced by two 
atoms of amidogen, NH,, thus—(CO(NH,),). Inthe presence of 
weptic agencies, in a watery solution, urea takes up two atums of 
water and is converted into carbonate of ammonium— 

CO(NH,), + 2H,O = CO(ONH,), 
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The so-called alkaline fermentation of urine depends upon this 
change. The reader is referred to the Chapter on Excretions, p. 329, 
where more complete information is given. 

Kreatin, CLH,N,O,, occurs in muscle and many other teatures. 
It may be converted into kreatinin by the action of acids by simple 
dehydration, It can also be split up into sarcosin and urea. 

Kreatinin, CLH,N,0O, is a dehydrated form of kreatin, which is a 
normal cqnstituent of urine. In watery solutions it is slowly con- 
verted into kreatin. 

Allantoin, C,H,N,O,, found in the allantoic fluid and the urine of 
the fuwtus and pregnant women. It is crystallisable, and is converted 
into urea and allantoic acid by oxidation. 


C,H,O 
(ilycin (Glycocoll or Glycocine) C,H,(NH,)O-OH, or “ N, 


a 
is regarded as amido-acetic acid, It does not occur free in the body, 
but enters into the composition of the bile acids and hippuric acid. 
It is soluble in water. 
> 


? (5H,,0, 
Leucin, ChH,o(NH,)O°OH, or H N, amido-caproic acid, 


is found in the’secretion of the pancreas and some other glands. It is 
one of the principal products of the decomposition of albuminoua 
hodies frum which it can be obtained by boiling with aulphuric acid. 

Tyrosin, Q,H,,NO,, phaugh belonging to a distinct chemical series 
(aromatic), is only found in company with’ Jeucin in the decomposi- 
tion of akbuminous bodies, and nopmally in the pancreatic secretion. 


{ ] 
Taurin, CgH,NO,S, or x? 1 SO,, ixa constituent of one of the bile 


ucids, and is also fuund in muscle-juibe. It may be regarded as amido- 
ethyl-sulphonic acid. 3 

Uric Acid, CVSH NO, (dibasic), is found in large quantities in the 
excrement of birds and reptiles, but in a small and variable quantity 
in the urine of man. Traces have been found in many tissues, in 
some of which large quantities accumulate as the result of patholo- 
srical processes (gout), It forms salts which are Much less soluble 
in cold than in hot water, and make the common sediment jn urine. 
The acid salts are less soluble than the neutral, The common test 
for uric acid consists of slowly evaporating the substance to dry- 
nees with a little nitric acid, and to the residue adding ammonia 
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when a bright purple colour is produced (murexide test). Uric 
acid is supposed to be a step in the production of urea, which is one 
of the results of its oxidation in the presence of acids, thus :— 


Uric Acid. Alloxan. Urea. 
C,H,N,O, + H,O + O =C,H,N,O, + CO(NH,),. 


C,H,9, : 
Hippuric Acid, CSH,NO,, or ps0 N, occurs in considerable 


quantities in the urine of the horse and herbivora generally. It is 
found but very sparingly in man’s urine, but it appears in large 
_ quantities after benzoic acid and some other medicaments have been 
taken. In constitution it is an amido-acetic acid in which one atom 
of the hydrogen is replaced by the radical benzovl (C,H,O). In the 
body it is combined with bases, and is forthed out of benzoic acid 
and glycin (amido-acetic acid) (ride p. 332), thus— 


Glycin. Benzoic Acid. Hippuric Acid. Water. 
C,H,(NH,)O-OH + C,H,O, = C,H(C,H,0)(3H,)O-OH + H,O. 


By heating or putrefaction it is resolved into these constituents. 

Indol, C,H,N, is produced in the intestinal cana! by the putre- 
factive changes brought about by septic agencies during pancreatic 
digestion. It gives an odour to the feces and a red colour witlenitrous 

acid. 

Indican, a peculiar subGancé sometimes found in the urine and 
eweat. With oxidising agents yields indigo blue. By this fact 
it is easily recognised. An equal,volume of hydrochloric acid and 
a very small quantity of calcium hypochlorite (bleaching-lime) i» 
added, and the indigo which is formed can then be dissolved and 
separated by agitation with chidtoform. 


CLass B, NON-NITROGENOUS. 
Group V. CARBOHYDRATE. 


Carbohydrates Cecneral formula, C,H,,0,) are bodies in which the 
hydrogen and oxygen exist in the same proportion as in water, the 
carbon being variable. The following examples of this yroup are met 


with in the textures of the body :-— 
Grape Sugar (Dextrose), (H,.O,, occurs in minute quantities in 


STARCHES AND FATS, 47 


the blood, chyle, and lymph. It forms crystals which readily dis- 
solve in their own weight of water. The watery solution has a 
dextro-rotatory power on the ray of polarised light. When mixed 
with yeast, the fungus (Succharomyres cerevisie) of the yeast causes 
alcoholic fermentation of the sugar, whereby alcohol and carbon- 
dioxide are formed. 

Dextrose. Alcohol. 


: C,H,,0.—2 C,H,O +2 CO, 


Moderate heat (25° C.) aids the process, and cold below 5° C. checks 
it ; an excess of either sugar or alcohol stops it. 

The presence of casein or other proteid material, when decomposing, 
gives rise to lactic fermentation, producing first lactic acid, then . 
butyric and carbon-dioxide and hydrogen. 


Dextrose. Lattice Acid. Butyrie Acid. 
C,H,,0,=2 C,H,0,=C,H,0, +2 CO, + H, 


Milk Sugar (Lactose), C,~H,,0,, + H,O, isomeric with cane sugar 
(sucrose).—It is tile snaracteristic sugar found in milk. It is not so 
soluble as dextrose, and does not undergo direct alcoholic fermenta- 
tion, but under the influence of certain organisms it readily gives rise 
to lactic acil byslactic fermentation in the same way as dextrose. (See 
Milk.) 

Inoatt, CH ,,0, + 2 H,O, is an omer of grape sugar, which 1s 
incapable of sndergoing alcoholic fermentation. It is erystallisable, 
and easily soluble in water. It has Ao effect on the polarised ray. 
It ia found in the muscles, and aleg im the lungs, spleen, liver, and 
brain. ° 

Glycogen, C,H,,O, a body like dextrin, first found in the 
liver. It gives an opalescent solution in water, and is readily con- 
verted into dextrose hy an amylolftic ferment, or weak acids. It 
has a strony deatro-rotatory power. It cun be found in most rapidly 
growing tissues. (See Glycogenic Function of the Liver, p. 307.) 


Group VIL HypRocaRpons, 


These bodies have the same elements in their composition, but 
the hydrogen and oxygen have variable propoftions—not that 
of water. Fata are found in large masses in some tissues, and 
aleo as fine particles sugpended in many of the fluids. The fat of 
adipose tissue in man is a mixture of olein, palmitin, and stearin, 
which are commonly spoken of as the neutral fats. ° 
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The first is liquid and the last two solid at normal temperatures, and 
the varying consistence of the fat of different animals depends upon 
the relative proportions of the more solid or liquid fats. 

Fats are soluble in ether and chloroform, but quite insoluble in 
water. When agitated in water containing an albuminous body, or 
an alkaline carbonate in solution, fluid fat is broken up into small 
particles, which remain suspended in the liquid so as to form an 
opaque milky emulsion. 

Chemically, they are regarded as ethers derived from thé triatomic 
alcohol glycerine, C,H,(OH),, by replacing the hydrogen atoms of 
the OH group by the oxidised radicals of the fatty acids: thus— 


Glycerine + # Palmitic Acid = Tripalmitin + Water. 
CyH,(OH), + 3 (C,gH 0.) =C SHO, (C,gH5,0), +3 HO. 


Under the influence of certain ferments they separate into glyce- 
rine and the fatty avid, taking up the necessary elements of water. 

When the neutral fats are bviled with alkaline solutions they are 
similarly decomposed, and uniting with the elements of water, form 
glycerine and fatty acids. The glycerine is as set free, but the 
fatty acid combines with the alkaline metal tu farm a kind of soluble 
aap. Aninsoluble soap may be obtained hy substituting lead or lime, 
&o., for the alkali. 

This splitting up of the neutral fats, stearin, palmitin, and olein 
into sodium stearate, palmitate, or oleate goes on during digestion, 
and is said to be useful in aiding the absorption of fatty matters. 


INORGANIC BODIES. 


Water (H,O) is present in nearly all tissues in larger proportion 
than any other compound, making up about 70 per cent. of the entire 
hbody-weight. The amount in eagh texture varies, and thus the different 
tissues have widely different consistence. . 

Water is introluced into the body in all kinds of drink, and a 
Jarge quantity is also taken with our solid food. It is highly probable, 
that in the chemical changes which take place in the tissues, some 
water is formed by the oxidisation of the hydrogen of the more com- 
plex substances. ¢ 

In the economy it acts as the universal solvent in the fluida of the 
body, and as the agent by means of which the chemical changes of 
the various organs are enabled to be accomplished. 

The water leaves the body hy the lungs ay vapour, and by the 
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skin, kidney, and many other glands, as the fluid in which their secre- 
tions are dissolved. 

Inorganic acids occur cither combined to fori sult-, in which con- 
dition we find several in the body, (sulphuric, phosphoric, silicic), or 
uncombined. In the latter state we have only two, viz :— 

Hydrochloric Acid, H Cl, which is manufactured by the mucous 
membrane of the stomach, and takes an important part in gastric 
digestion. . 

Carbonic Acid Gas, CO,, exists in most of the fluids of the body, 
having been absorbed by them from the tissues during their com- 
bustion, The venous blood contains a considerable quantity, which 
is got rid of during the passage of the blood through the lungs. 
It is distinctly a waste product, that must be constantly eliminated 
from the body (see Respiration). 

A large nunber of salts occur in the tissues, wenerally in small 
quantity, in solution. {nthe teeth and in bone tissue salts exist in 
the solid form, and in much greater proportion than in any of the 
soft parts. Most of the salts are introduced into the economy with 
the food, but some, doubtless, are formed in the body itself. Our 
knowledge of the exa& position occupied by the salts in the textures 
is very incomplete, as their amount is only estimated from the ash 
of the tissue which remains after ignition, by which process they 
become altered? so that it is impossible to say what are the exact 
salts that are present in the body. They doubtless form chemical 
combindtions with the complex organi¢ compound-, which we do not 
understand, and probably have importgut functions to perform, such 
as rendering certain materials (globulins) soluble, or otherwise facili- 
tating tissyg change. The salts pas@out of the body in many secre- 
tions, notably in the urine, where they have great influence on the 
elimination of urea, and therefore form a most important constituent 
of that secretion. » 

Common Salt (Sodium Chloride), NaCl, is the inmost widely spread, 
and is present in Yreater quantity than any other salt in all fluida 
and tirsuex, except in bones, teeth, red blood corpuscles, and red 
muscle. 

Potassium Cidoride commonly accompanies sodiiun chloride in small 
quantity. In the red blood corpuscles, and in muggle it occurs in 
greater amount than the sodium salt, while in the llood plasma bat 
little is found in comparieon with the soda salts, and any excess 
seeins to act as a poison to the heart. 

Carbonates and phosphates of calcium, sodium, potassium, and mag- 
nesium occur in small quantities in moat tisqgies. The cartlfy part of 
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hone is chiefly composed of calcium and magnesium phosphate and 
calcium carbonate, together with some calcium fluoride. 

Sulphates of sodium and potassium, probably formed in the body 
from the oxidisation of the sulphur in the complex proteid materials, 
occur in most tissues, and are removed from the body by the 
kidneys. 

Finally we find two of the elements free in the textures. Of these 
Oxygen plays by far the most important part. It is widely distri- 
buted among the fluids of the body, from which it can be removed 
by reducing the pressure of the oxygen of the atmosphere by means 
of an air-pump. Oxygen is introduced into the body by the lungs, 
where the blood takes it from the air. In the blood only a small 
quantity of that which can be removed by the air-pump is really 
free, the remainder is chemically combined with the colouring matter 
of the blomwl. It is absolutely necessary for life, as it alone can 
enable the chemical changes of the tissues, Which are mostly oxidisa- 
tions, to go on. It is,in fact, the element necessary for the slow 
combustion which takes place in the nutrient material after its 
arsimilation. 7 

Nitrogen also occurs in the blood, but in fhsignificant quantity. 
It is absorbed from the atmosphere as the blood passes through the 
Jungs. So far as we know, it has no physiological importance in the 
body, : 


CHAPTER IV. 
“THE VITAL CHARACTERS OF ORGANISMS. 


THE manifestation of so-called vital phenomena in man forms th- 
subject-matter of the following chapters, and some kind of explana- 
tory definition of the vital characters of the simpler organisms will 
be useful in preparing the beginner’s mind for the more intricate 
questions in human physiology. This, with the foregoing short 
account of the chemical and structural peculiarities of animals, will 
complete a rough outline of the general character of organisms. 

Protoplasm has already been referred to as the material capable of 
showing “ vital phenomena,” the most obvious and striking of which 
are its movement® 9 

Besides the common molecular or Brownian movement of the 
granules of protoplasm—which may be seen in most cases where fine 
granules are syspended in a less dense medium—protoplasm can 
perform motions of different kinds which must be regarded as dis- 
tinctly sital in character. This movement may be said to be of three 
different kings, according to the results produced, viz. :—(1.) The 
production of internal Gurrents. (2.~ Changes in form. (3.) Loco- 
motion. In reality the two latter are dependent on the first. 

The ocdhrrence of currents from one part of a portion of proto- 
plasm to another can be well seen in vegetable celia, when the cell 
wall restricts the more obvious change in form or place, Thus in 
the cells forming the hair on the stamens of Tradescantta Virgintca 
the various currents cnn be seep in the layers of protoplasm which 
line the cell wall. 

The granular particles course along in varying but definite direc- ° 
tions, passing one another like fuot-passengers in a crowded street. 
The first and most obvious result of this is, that the various parts of 
the substance are constantly brought into contact with one another, 
and thus the products of any chemical changes taking place at any, 
given part of the cell body are rapidly distributed over the entire 
masa of the protoplasm. 

lf there be no definite cell wall—as in naked vegetable spores and 
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amocboid forms of animal life—to restrict or direct the current of 
protoplasm, it flows out in various directions in budlike processes, 
which appear at various parts of the protoplasmic mass, so as to 
cause a constant change in the furm of the cell. These outstretched 
processes sometimes flow together and unite completely, often en- 
closing some of the medium in which the creature is suspended, or 
catching some foreign particle floating near them. 

The flowing out of these pseudopodia commonly takee place for 
some little time persistently from one side of the cell ; and the hody 
of the cell, as it were, has to follow 
the protrusion of the processes in 
~uch a manner that in a little time 
definite change in position or 
movement in a certain direction 
oceurs 5 thus the unit of proto- 
plasm may be said to perform defi- 
nite progression or locomotion. All 
these movements may be seen in 
the white blopd gorpuscle of a cold- 
blooded animal, such as a frog, and 
Pig. 35.—An amecba tigured at twod:f- Still more easily in the unicellular 


ferent moments durmg movement, being known us amathaa. 


showies outer : é 
this Saal acu Various influences may be seen 
(n) I Nucleus; (7) Ingested foud, to affect the 1ate of moyements, 


(Gegenbauer.) and probably influence at the same 

«  ¢ ~~ time the other activities of the 

protoplasm. Foremost amony these must be named :—(1.) Teiapera- 
ture. If a protoplasmic unit w hich i is olverved to be motik: be pently 
warmed, the movements become more and more active as the tempe- 
rature . raised, until at a certain point, about 35°—42° C., a spasm 
occurs, resulting in the withdaiwal of the pseudopodia ; soon afte 
which the cell assumes a spherical shape. If the heat be carefully 
abstracted by the yventle and short upplication of cold, the protu- 
plasm may be made to recover and again commence its movements. 
If, on the other hand, cul be applied to moving protoplasm, the 
motions become less and less active, and commonly cease at a tem- 
perature about ara little over 0° C. (2.) Mechanical trritution aleo 
roduces a marked effect on the muvements of protoplasm. This may 
te well seen in the bebaviour of a protoplasmic cell of frog’s bloc 
under the microscope. It is spherical when first mounted, owing to 
the rough treatment it goes through while being placed on the glass 
slide and covered; shogly its movements becume obvivus by its 
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change in form, which may again be checked by ao sudden motion of 
the cover-ylass, (3.) Electric shocks given by means of a rapidly- 
broken induced current cause spasm of the protoplasm, the cell becom- 
ing spherical. (4.) Chemical stimuli also have a marked effect ; carbonic 
acid causing the movements to cease, and a supply of oxygen making 
it active. The movements and other activities of protoplasm are, 
during life, frequently modified and controlled by nerve influence, as 
will appear in the following pages ; this may readily be seen in the 
stellate pigment cells of the frog’s skin, which can be made to con- 
tract into spheres by the stimulation of the nerves leading to the part. 

The motions of protoplasm are thus seen to be greatly affected 
by external influences, but the most careful observer cannot find 
physical explanations of the various movements which have been 
described. It is necessary, therefore, to ascribe this power of motion 
to some property inherent in the protoplasm, and hence the move- 
ments are called automatic, We are unable to follow the chemical 
processes upon which the activities of the protoplasm depend, and 
therefore we call them vital actions ; but we must assuine that these 
so-called vital pyoperties depend on certain decompositions in the 
chemical constitutio® of the protoplasm. We know that some chemical 
changes do take place, as we can estimate the products which indi- 
cate a kind of combustion ; but we know little or nothing of the 
details of the themical process. 

From the foregoing description of the manner in which protoplasm 
responds to external stimuli, it may ‘be gathered that it is capable of 
appreciating® Impressiqgn® from withat ; indeed, we may say, wt can 
feel. We can only judge of the sensitiveness of any creature by the 
manner ig Which it responds to stimuli, and we may therefore cun- 
clude that the smallest particle of living protoplasm is endowed with 
definite sensitiveness : this must be noted as one of the most striking 
properties of protoplasm. - 

Every particle of living protoplasm has the power of assimilation. 
Taking into its “structure an} nutrient matters it meets with, by 
Howing around them in the way mentioned, it brmys them into 
direct contact with different parts of the protoplasmic substance. 
This nutrition of the form-units gives rise to growth, and finally 
leads to their reproduction, and these facts will, be more closely 
examined when speaking of their relation to cell life. 

When a certain size has been attained, the cell does not increase 
any more, but tends to bring forth a cell unit similar to itself. This 
is spoken of us the reproduction of cells, 

Different kinds of cell reproduction haye been observed, which are 
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all, however, modifications of the same general plan. The first is that 
by the formation of a bud from the side of the parent cell ; this bud then 
increases in size, and finally separates from the parent and becomes a 
separate individual. This process, which is called gemmation, can 





Fig. 37.—Cartilage from young animal showing 
the division of the cells (a, bye, . 


€ e 





readily he ecen in all its stages in growin, veast, where the torula 
cells have various-sized buds growing from them. If the budlike 
protrusion be large, nearly equal in size to the cell its@if, the process 
receives the name of fission, or division. In well marked typical 
fission the parent cell divides ittto two parts of equal size, cach of 
which becomes a perfect indiyidual. Vawigis wradatfons may be 
trac between the two processes, xo that 113 difficult to draw any 
very cdistincte line he- 
tween budding and 
elon The budding 
and fission may be 
multiple ; many buds 
and séveral units, pro 
Fig. 88.—Cells of a fungus {(Gleoeapea, showing dif-  iucts of division, may 
forent stage '}—4) of endogenous diviawn = After ‘ 
Fachs.) remain together, and 
forma What is called a 
colony. When this multiple budding or division takes place, so that 
the new units are included within the body of the parent cell, then 
the process is called endogenous reproduction or spore formation. 
As in the gradations Ietween budding and fission, «0 it is difficult 
to draw a hand and fast line between what may be called multiple 
fission and spore formation, 
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In tracing the stages of development of the highly differentiated 
cells of some tissues, we have to pass through a series of changes 
which form a cycle that may well be called the life-time of the cell. 
The duration of this cycle varies greatly in different individual cells. 





Fig. 30 — Division of egg-cell. (Gegenbauer } 


Some cells ar very short-lived, being destroyed in the act of 
secretion ; others prubably endure for the entie life of the animal. 
The life-history of all cell» begins With the stage when it is com- 
posed entireby of indiffement protoplasm, in which vanieus moidif- 
cations are subsequently produced. t fs take as an example a 
cell of the outer skin or cuticle, afd examine its lie-history. The 
cuticle is made up of numerous layers of cells lad one on the other, 
and the surface cells are constantly being rubbed or worn off. We 
find that these cells have their origin from the cells of the deepest 
layer, which is next to the supply of nutrment. This layer is made of 
soft protuplasmic hinits, with certain specific inherited characteristics 
no doubt, but to all appearances the same as the motile sentient 
yrowiny protoplasm of an indifferent cell. By a process of fiasion or 
budding constantly going on in this deepest layer of these cells, new 
protoplasmic units are produced. These become distinct individuals, 
and occupy the position of the parent cell, which ‘having produced 
offspring, is moved one place nearer the surface, away from the nupply 
of food, The new cell in time gives rise to oflxpring, and having 
attained reproductive maturity, is in turn moved onward towards the 
purface, The result of this is that its supply of nutrition diminishes, 
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the evidences of reproductive activity disappear, and at a certain 
point all signs of protoplasmic life are lost. But on its way from the 
seat of its origin to the surface, it makes use of its limited supply of 
nutrition for the purpose of manufacturing a special kind of 
material which, if present at all, only occurs in the minutest traces 
in ordinary protoplasm. As the cell moves towards the surface, 
it loses its protoplasmic characters, becomes tougher and drier, and 
finally nothing but the special horny material remains, Thug from the 
birth of the cell, its energies are devoted, first toits own growth, then 
to the reproduction of its like, and finally to the formation of a material 
fitted to act as a mechanical protection to the surface of the skin. 
Having manufactured a certain amount of this material, the proto- 
plasm dwindles, and finally quite disappears, so that the cell may be 
said to die. Its hornv insoluble and impermeable skeleton, how- 
ever, has yet to do good service in the outer lay er of the skin while 
it is passing tu reach : the surface, and in its turn is rubbed off. 

It has already been stated that the material which forms all active 
cells, protoplasm, is capable of carrying on the many functions 
required for the independent existence of simple greatures. It will 
be found in the subsequent pages that, not only can protoplasin 
perform all the activities necessary for the life-history of unicellular 
organisms, but that it can alsv work out all the functions of the most 
complex animals, Indeed, the cells which accomplish the most 
elaborate functions in man, are but protoplasm more or less modified 
for the special purpose to be attained. 

The different functions of an,independent ynicellularfrganism can 
be much more completely watched than the changes which take place 
in any of the cells of the higher anfmals, both on account of the greater 
size of the former, and the more @#bvious character of the changes 
taking place in them. The student is therefore earnestly advised te 
epend a few moments in contemplating the operations which go on 
in some simple organisms, whore life is not ¢ omplicated by structural 
or functional claboration, before attempting to solve the difficult 
question of the mechanism of man’s life. 

The lowest forms of living creatures that we are acquainted with 
(mstcrococcus and Lacterium), are placed among the fungi in the vege- 
table kingdom. (Jn account of their extremely minute size—being 
hardly visible as spherical vr elongated specks with a powerful 
Inicroscope-—We can say but little about their structure. They 
appear to be translucent and homogeneous. 

Since we use the term protoplasm to mean the material of which 
the active part of the simplest forme of living beings are composed, 
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we must assume that bacteria arc small particles of that material, but 
the characters commonly attributed to protoplasm cannot be detected 
in the minute glistening mass which makes up their body. 

They are so certain to appear in a couple of days in organic in- 
fusions, or in any fluid prone to putrefaction, and they multiply with 
such astounding rapidity, that they have been supposed by some to 
develop spontaneously. But this is now known not to be a fact. 
Bacteria de not appear without progenitors, any more than any other 
forin of living thing. They float lifeless and dry in multitudes 
through our atmosphere, and adhere to all substances to which the 
air has free access. However, the moment they light upon a suitable 
soil, they burst into prodigious activity, at first forming masses or 
colonies, which may be seen as a jelly-like scum on the fluid. Such 
a soil is supplied by any organic substance capable of spontaneous 
decomposition, for which process, as is well known, the vreat require- 
ments for life, moisture and warmth, to a certain degree are neces- 
sary. Vast varieties of these organisms are now known, They differ 
slightly in shape, in their habitat, and in their properties. Some are 
obviously comporyl of two distinct layers, some are provided with a 
fine hair-like process, by the lash-like motions of which they move 
rapidly in a definite direction. 

They are known to be inseparable from putrefactive changes in 
organic materials, in fact without them no putrefaction can go on, 
since this process is but the product of their living activity. Intense 
heat kills them, too great cold or dryness checks their activity and 
stops putrefifttion,  WRen an orggnic substance is absolutely 
protected from their presence by exclusion of the air, &e., no pu- 
trefaction eccura, even though it be Prone to spontaneous decomposi- 
tion, and be placed under favouralfle circumstances as to warmth and 
moisture, 

Bacteria would not deserve so mugh notice here were it not for 
the remarkable intluence they have on the higher forms of life. 
We do not know that they are necessary for any of the more im- 
portant processes that normally go on in the luman body, though 
they are constantly present in the intestinal tract, and are insepa- 
rable from at least one change taking place there that may be 
regarded as physiological, It is their relation to the diseased state 
that makes a knowledye of these creatures imperative to medical men. 

So long as the tissue of a higher animal is healthy and well 
nourished, bacteria cannot thrive in immediate contact with it. 
They can only exist in theintvstine, &c., becanse there they tind accu- 
mulations of lifeless fluids which offer them suitable nidu& Active 
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living tissues have antiseptic power, tc. are able to destroy bacteria, 
and it is only owing to this bactericide power of our textures, 
that we can with immunity breathe into uur lungs the atmospheric 
air, and swallow multitudes of these organisms. But for it every 
wound would become putrid, every breath would admit deadly 
germs to our blood. But when the vitality of the part or of the body 
generally is lowered, the vital activity of the tissue may fall below that 
of the bacteria, and their victory is signalled by unwontedeand often 
fatal changes. Morbid fluids allowed to accmuulate in the textures 
facilitate the growth of bacteria, and give rise to various grades of 
“wound-infection.” But if all accumulations be avoided, the bacteria 
bruught into relation with the living tissue can only irritate it, and 
cause general fever and local suffering to the patient. They cannot 
propagate in live tissue as in lifeless fluids. Ax a rule, the injurious 
effect of bacteria is in inverse proportion to, the vital power of the 
textures which they invade. This is seen in many cases familiar to 
the physician and the surgeon. For instance, even the bronchial 
mucous membrane may be unable to resist the attacks of the atmo- 
spheric organisms, A person whoxe vital puwers arg probably already 
low from repeated debauch, falling asleep in the open air after cx- 
cessive intemperance, and being exposed to the redneing chill of 
night, may become so lowered in vital activity, that putrefactive 
changes may begin in his lung tissue. Indeed! this is not an un- 
common histury in the beginning of gangrene of the lung. , 

We next come to forms of fungu-, which set up a process very 
like putrefaction, such as the yqast plant, Torugs o: revisia, which causes 
alevholic fermentation in sugar solutions, In the torula an external 
case containing protoplasm may readily be seen, and muMtiplication 
of the cells goes on rapidly by a fhocess of budding. Torule, how- 
ever, like bacteria, though called veyetables, have not the power of 
assimilating as ordinary green plants do, but require nutriment to be 
supplied to them which already contains organic or complex com- 
pounds. Structurally Lut little different from torula is a one-celled 
plant, the green protococcus, which, like a higher plant, con Iuild up 
ite texture from the simplest foud-stuffs, and carry on its functions. 
It consists of a case made of cellulose, within which lies a masa of 
protoplasm witha nucleus. The prctoplasm is commonly coloured 
yreen by a peculiar substance called chlorophyll. We shall ave pre- 
sently that it is to protoplamn containing chlorophyll, that plants owe 
all their most characteristic and wonderful properties ; viz., the yro- 
perty of assimilating so as to construct complex carbon compounds 
out of sinsple inorganic materials. 
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The smallest and simplest organisms classed us animals are gencrally 
larger than the vegetable cells just alluded to. They consist of 
protoplasin without any nucleus, and only sometimes with a struc- 
tural difference between any part of their substance, Asan example 
we may take Protamaba. This is a small mass of protoplasm with- 
out any nucleus, but its outer layer is clearer and less granular than 
the central part. It can move by sending out protoplasmic processes, 
in which cyrrents can be observed resembling those in the vegetable 
cells. Except as reyards the nucleus, it is much the same as the 
Ameha, which can be more readily watched, and will therefore be 
nore accurately described. 

The anxeba is « single cell or mass of uncovered protoplasm, con- 
taining a well defined portion of substance or nucleus, within which 
#8 a emall speck or nucleolus, The central pait of the protoplasm is 





Fig 40.—Tw o different forms of Amahw in different phases of ayovement Thuee on 
the left after Cudiat. Aspe B. show an autre clear zone Gegenbaw }. 
densely packed with coarse granules, but the outer more active part 
is structureless, and translucent-lookfhy, somewhat like a fine border 
of muffed glasa, encasing the coarse&’ granular middle portion. Such 
a one-celled animal has no special parts differentiated for special pur- 
poses, the requirements of its functiong being so smi.i] that the proto- 

plasm itself can accomplish them all. 

Thus the processes of protoplasm, which flow out with considerable 
rapidity from the body, commonly encircle particles of nutrient 
material, and then closing in around them, press them into the 
midst of the granular central mass. Here they sojourn some little 
time, and during this period no doubt any nutrigive properties 
they possess are extracted from them, and they are then ejected 
from the plastic substance. This form of assimilation demands no 
previous preparation of the food such as we shall see takes place in 
the alimentary tract of man, and in the special organs of the higher 
animals ; yet it is a form of digestion adeyuate at least ®% the re- 
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quirements of this simple organism. The repeated alteration of the 
different parts of the protoplasm in «elation to one another, and the 
surrounding medium during the aoe NS and thither of the 
currents, produces not only a change in the Le and position of the 
animal, but also acts ax 2 means of distributing the nutriment to 
the different parts of the body, and of collecting and carrying to the 
surface the various products of tissue-decomposition ; thus the stream- 
ing protoplasm does the work of a circulating fluid such as we see 
in the more elaborate organisms for the distribution of nutriment 
aud elimination of waste materials. The surface of the amcbu is sufti- 
cient to allow of the gas-interchange necessary for life, and by means 
of the ever-changing material exposed, sufficient oxygen is taken for 
its tissue combustions, and so a function of respiration is established. 
The growth that results from the perfect performance of these veye- 
tative functions proceeds until the maximum size is attained, and 
further nutritive activity is then devoted to reproduction. When 
wrowth ceases, commonly the cell divides and forms two distinct indi- 
viduals. The movements which form the most striking operations of 
the amoba are the same as those which take place in protoplasm, 
except that they are more rapid and obvious. The clear outer layer 
tirst flows out as a bud-like process, and, as it is gradually enlarging, 
some of the central «ranular part of the cell suddenly tumbles into 
its midst, where it remains, while other pseudcpudia are being thrown 
out in the neighbourhond, and the same changes repeated in them. 
It is difficult to watch the motions of an ameba without being iin- 
pressed with the idea that it js not only eadowed with’ sensibility but 
that it also can discriminate between different objects, for we sce it 
greedily flowing around some fdtd material, whilst it curefully avoids 
other substances with which it cfnes in contact. 

If a glass vessel, containing several amacbe, be placed ina window, 
they will be found to cluster qn the side of the glass most exposed to 
the light. From this it would appear that, in some obscure way, 
protoplasm can appreciate light, and respond to its influence by 
moving towarls it. 

This single-celled animal—or nucleated mass of protoplasm, can 
perform all the functions of a higher animal. It can move from 
place to place and assimilate nutriment, apparently discriminating 
between different materials. It distributes nutrient stuffs and oxygen 
throughout its body by a kind of tissue circulation, and it can appre- 
ciate and respond to the most delicate form of stimulus, namely 
light, which subtle motion has no effect on the sensory nerve-fibres 


of the higher animals. | 


PARAMCCIUM. §1 


In some unicellular animals certain parts of the cell are specially 
modified for the performance of special functions, a division of labour 
thus taking place which insures the more perfect accomplishment of 
the different kinds of activity. In one of the com- 
monest of the Infusoria (Paramecia bursuric), 
which swarm in dirty water, this is well exem- 
plified. The outer layer of the flattened body 
is denser, gnd forms a kind of fibrillated corti- 
cular cage (ectosarc), which is covered over with 
hair-like processes (vibratile cilia), which con- 
stantly move in a certain direction, so as to propel 
the creature rapidly through the water. The in- 
ternal part of the cell is very soft, almost fluid, 
and coarsely granular in appearance, containing 
many bodies which have obviously been intro- 
duced from without. This soft internal preto- 
plasm (endosarc) moves slowly round in a definite 
direction, completing ita circuit in one or two 
minutes, and thus carries on a circulation which 
mixes the various matters contained in it. At 





cavity. {a a) Body 
Kpace filled with 


one point of the ectosarc, or cortical layer, an 
orifice or mouth leading to an wsophageal depres- 
sion is found. * This orifice 18 lined by moviny 
cilia, which by their vibrations drive the fool 
into the osophayus, whence it is periodicals 


soft protoplasm, 
into which food is 
taken. (4) Mouth. 
(e) Anus, (d@} Con- 
tractile vesicle. 
‘After lLach- 
mann.) 


jerked into the soft inteynal protoplasy or endo- 

sare, together with sume water, and thus forms a food vacuole, which 
is carried aound in the circulation f the ectosarc. Besides a well- 
marked nucleus and nucleolus in?the central part of the cell, these 
param«ccia have one or more clear spaces placed near the surface at the 
extremities of the animal, These vacyoles suddenty contract, and dis- 
appear every now and then. When this contraction occurs fine canals 
radiating from the contractile vacuole are distended with the clear 
fluid which has probably entered the vacuole from without. Thus 
a permanent set of wuter vessels carry fluid from the contractile 
vacuole throughout the endoaare, 

In such an animal there is a distinct advance of fupction compared 
with the amaba : a more elaborate and specialised method of feeding : 
a more systematic and regular circulation of nutrient matters: a 
respiratory distribution of water by the contractile vesicle and its 
water canals ; more rapid motion ; and more obvious sensation, 

In the bell animalcule, or vorticella, the same kind of division of 
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labour exists, but in one of its commonest conditions it is attached by 
a thin stalk to the stalk of some weed or other object. Besides the 
ciliary movement we here find that the general mass of the pro- 
toplasm can suddenly and forcibly contract, so as to completely alter 
its shape, and change the bell into a rounded mass. This spasm 
of the body is commonly associated with a wonderfully rapid con- 
traction of the stalk. This stalk consists of a delicate transparent 
sheath, in the centre of which is a thin thread of pale protoplasm. 
The rapid contraction of the protoplasm of the stalk and the spasm 
of the bell occur on the application of the least mechanical excitation, 
such asa touch to the cover-ylass, Here in a single cell we have 
certain portions set apart for special purposes, most of which are the 
same as in parameecia. But the animal being attached requires a 
special way of escaping from its enemies, and hence we find it endowed 
with three special forms of motion. Besides the ciliary and stream- 
ing protoplasmic motion, its body can spasmodically change its shape, 
and the stalk contracts with a velocity comparable with that of the 
most specially modified contractile tissue (muscle) of the higher 
animals, by means of which their rapid and varjed movements are 
earried out. 


CHAPTER V. 


NUTRITION AND FOOD-STUFFS. 


THE continuation of protoplasmic life depends on certain chemical 
changes which are accompanied by a considerable loss of substance. 
This loss must be made good by the assimilation of material from 
without, and the manner by which it is obtained constitutes one great 
point of difference between Plants and Animals. In the majority of 
the former (certain fungi form the main exceptions) the cells in those 
portions of the plant which are exposed to the light and air, contain 
a peculiar green substance called chlorophyll, and through the agency 
of this substance they are able to obtain from the inorganic kingdom 
nearly all the food they require. Water is taken up by the roots 
with such salts as may happen to be in solution, and is carried 
through the steyn to the leaves ; here the active chlorophyll-bearing 
cells, under the influence of the sun’s rays, cause it to unite with the 
carbon alivxide present in the air, to form various substances, of 
which we may take starch or cellulose as the simplest example. 
This reaction mav be répresented chemically, thus :— 


* 6(0,+5H,0= CHy00, +0, 
Starch or cellulose. 


A large proportion uf oxygen is thus Set free and discharged into the 
atinosphere. v 

The most striking property of plant protoplasm is, then, the power 
of using the energy of the sun’s rays to separate the elements of the 
very stable compounds, carbon dioxide and water, and from 
the elements thus obtaincd to make a series of more complex and 
unstable compounds, which readily unite with mre oxygen, and 
change back to carbonic anhydride and water. 

The new carbon compounds made in and hy the protoplasm of the 
green plants are some of the so-called “ organic compounds,” which 
enter into the composition of both plants and animals, and form an 
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essential part of the food of the latter. They may be divided into 
three groups— 
i, Carbohydrates—bodies so called from the presence of hydrogen 
and oxygen in the proportion to form water ; ¢.9. :— 


Starch, (',H,,0, = C,(H,O), 
Grape sugar (dextrose) U,H,,0, = C,(H,0), 
Cane sugar (sucrose) C,,H,,0,, = C,.(H,0),, : 

ii. Hydrocarbons—compounds of carbon and hydrogen with a 

less proportion of oxygen than Division i., as oils and fats-- 
Olein (principal cunstituent of olive oil), C,,H 9,0, 

iii, Albuminous bodies which contain nitrogen in addition to 
carbon, hydrogen, and oxygen. These are of very complex 
composition, and, a» yet, cannot be represented by chemical 
formule. ‘ 


Animals, on the other hand, cannot thrive on the simple forms of 
food obtainable from the inorganic kingdom, which suflice for the 
nutrition of a plant. They reyuire the materials, for their assimila- 
tion to be nearly allied in chemical composition to their own tissues. 
In short, they require as food the very organic substance which the 
plants spend their lives in‘naking : viz.. starches, fats, and albuminous 
bodies, These substances muot, therefore, be supplied to animals 
ready made, as they are produced hy plants, Directly or indirectly, 
through the medium of other 4nimals, all these complea substances 
which form fuel so useful tg our economy, are derived from the 
work done by vegetable fife. 

The chief acts of animal protoplasm are really oxidatiens, a slow 
burning away of its substance, “which results in the production 
of inorganic materials like those used by plants as fuod. 

Plants, then, use simple food--tuffs, and from them manufacture 
complex combustible materials, and thus store up the cnerzy of the 
sun’s rays in their textures. ‘ 

Animals use complex food-stuffs to renew their tiseues, which they 
are constantly oxidising, and hy this means the energy for the 

rformance of their various active functions is set free. 

Although the yarious kinds of food-stuffs used by animals are so 
highly organised in comparison with those used by plants, yet they 
cannot be admitted at once into the economy without having under- 
gone a special preparation, which takes place in the digestive tract 
where the various food-stuffs are so changed as to allow them tu pass 
into the fluids of the holy, 
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We shall first consider the chief varieties of food-stuffs, next their 
preparation for absorption, and then the means by which they are 
distributed to the tissues. The last step in tracing the assimilation 
of the food is to follow the intimate processes which go on between 
the blood carrying the nutriment, and the different tissues. This 
most interesting but difficult question shall receive our attention in 
a subsequent section. 


Foop.—There are two portals, namely, the lungs and the alimentary 
canal, by which new materials normally enter the animal body. 

Within the lungs the blood comes into close relation with the air, 
and takes up oxygen from it. The oxygen is then carried to the 
various tissues, where it aids the combustion accompanying the life 
and functions of these tissues. Although oxygen is the most abun- 
dant element in the bodys taking part in almost every chemical change, 
and its continuous supply is more immediately necessary for life 
than that of any other substance, yet it is not counted as food, 
because tissue oxidation is artificially distinguished from tissue 
nutrition. > @ 

The details of the union of oxygen with the blood will be found 
in the Chapter (XIX.) on Respiration. 

It is then only to the liquid and solid portions of the material in- 
come of an animal—that, in short, which it must busy itself to obtain 
—that the term “food” is applied. e These are introduced into the 
alimentary canal, where the truly nutrient materials are separated 
and prepared for absorption into the bi#od, while the portions which 
are not useful for nutrition are camged away as excrement. One is, 
therefore, quite prepared to hear that the really nutritious food-stuffs 
are composed of materials which are chemically like the tissues, 
although, as we shall see, we have no grounds for believing that the 
different chemical groups of nutritiv® stuffs are exclusively destined 
to replace corresponding substances in the body. On the contrary, 
we have good reason to think that within the body the conversion 
of one group into another is very common. 

In Chapter III. the tissues of the animal body were shown to 
consist of chemical compounds, which have been classified intu certain 
groups. And it has also been stated that the tissue® are constantly 
undergoing chemical changes inseparable from their life, and that for 
these changes a supply of nutritive material is necessary. 

The nutriment required for an animal is, then, made up of sub- 
stances which may be divided into the sume chemical groyps as the 

4 F 
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tissues of the body: viz., proteids, fats, carbohydrates, salts, and 
water. So that each of the various substances which we make use 
of as food, contains in varying proportions several of the different 
kinds of nutrient material, either naturally or artificially mixed 80 
as to form a complex mass, the important item water being the 
only one which is commonly used by itself. These substances may 
be considered to be the chemical bases of the food, as they are also the 
chemical bases of the animal hody. 

The following classification shows the relationships between the 
chief items of nutritious matters, from a chemical point of view, and 
their distribution in the various foods we commonly eat. 


I. Or@anic. 
1. Nitrogenous— 
A. Albuminous—abundant in L egEs, milk, meat, peas, 
wheaten flour, &c. 
B. Albuminoid—in soups, jellies, Kc. 
2. Non-Nitrogenous— 
A. Carbohydrates (sugar, starch)—abundant in all 
kinds of vegetable food, afd ih milk, and present 
in small quantity in meat, fish, &c. 
B. Fats—in milk, butter, cheese, fat tissues of meat, 
many vegetables, oils, &c. e 


II. InorGaANIc. e e 


1. Salts—mixed with all kinds af food. 
2, Water—mixed with the foregoing or alone. 


The nutritive value of any king of food depends upon ‘i variety of 
circumstances, which may be thus summed up :— 


I. Chemical composition, of which the main points are— 
(1.) The proportion of soluble and digestible matters (true 


food-stuffs) to those which are insoluble and indigestible 
(such as cellulose), &c. 


(2.) The number of different kinds of nutrient stuffs present 
in if. 
(3.) The relative proportion of each of these chemical groups. 


Il. Mechanical Construction.—The relation of the nutrient to 
the non-nutrient parts is of the greatest importance, as is seen where 
the nutwitious starch of, various vegetables is enclosed in insoluble 
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cases of cellulose, which, if not burst by boiling, prevent the digestive 
fluids from reaching the starch. 

III. Digestibility.—This depends partly upon how the substances 
affect the motions of the intestines, and partly upon their con- 
struction. Thus, some substances, such as cheese, though chemically 
showing evidence of great nutritive properties, by their impermeability 
resist the digestive juices, and are poor aliments, 

IV. Idfosyncrasy.—In different animals and in different indi- 
viduals, and even in the same individuals under different circum- 
stances, food may have a different nutritive value. 

Chemically, then, foods are composed of a limited number of 
elements similar to those found in the animal tissues, viz., carbon, 
oxygen, nitrogen, and hydrogen, together with some salts. If nothing 
more were needed by the economy than a supply of these elements 
and salts in a proportion like that in which they exist in the tissues, 
such could be easily obtained from inorganic sources; but, as has 
alrealy been stated, it is necessary that an animal ubtain these 
elements associated in the form of organic materials of complex con- 
struction (namely,-prafeids, &c.) ready made. Allowing the necessity 
of organic food, it might be supposed that since the elements exist in 
proper proportion in the proteids, an abundant supply of proteids 
would suffice foy all nutritive purposes, and alone form an adequate 
diet. Theoretically, proteid alone ought to be sufficient for nutrition. 
It, however, has been frequently teate& by experiment, and practically 
decided, that an animal will not thrive upon a free supply of pure 
proteid food alone ; ancP ith the humaa subject such exclusive diet 
would induce dangerous abnormal cgnditions in a short time, Since 
nitrogen isin important element iy nearly all parts of the body, we 
could hardly expect that a diet composed of non-nitrogenous food- 
stuffs alone could support the animal economy. In short, the results 
of numerous experiments show that no group of the food-stuffs 
already enumerated can alone sustain the body, but rather that a 
certain proportion of each is absolutely necessary for life. 


SpkEcIAL Forms oF Foon. 
® 


The articles of diet we make use of are animal or vegetable, 
according to the source from which they are derived. It will be 
seen that a varying quantity of all chemical classes of food-stuffs arc 
generally present in most kinds of food, whether animal or vegetable. 


The following diagram shows the proportioa of the more ifmportant 
F 2 
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rare im some examples of the materials commonly used as 
food :— 


Proteids. Fats. Carbohydrates ‘Water 
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Fig. 42.—Diagram showing the per-cefitage of the principal food-stuffs in afew ty pical 
comestibles. The numbers mdicate the Der eeniasre: Indigestable materials are 
omitted. ig o 


Among animal foods are included milk, the flesh of various animals, 
and the eggs of birds. These mdy be more fully described as typical 
examples, 

Milk.—For a certain period of their lifetime the secretion of the 
mammary gland forms the only food of all mammals, and it isthe one 
natural product which when taken alone affords adequate nutriment. 

It consists of a slightly alkaline watery fluid, containing :— 


1. Proteids, in solution. 

2. Fata, finely divided to form perfect emulsion. 
3. Sugar, in solution. 

4. Salts, in solution. 


Owing to the action of certain organisms which readily propagate 
in milk if exposed to the air at a warm temperature for some time, 
it loses “its alkaline reaction, and becomes sour from the forma- 


MILK. 69 


tion of lactic acid from the milk sugar, by a kind of fermentation, 
the probable equation for which may be written thus :— 


C, H,, 0, = 2C, H, 0,. 
Milk Sugar, Lactic Acid. 


If fresh good milk be allowed to stand, the fatty particles tend to 
float to the surface, thus forming a layer of cream. 

The milk of different animals is similar in all essential points, but 
differs slightly in the relative proportion of the ingredients, as may 
be seen in the following table :— 


ae om ote — ee ee eee ee 


| ' Human. | Cow. Goat. | Ass. 




















Water ola taueee 88008 ! 85705 863°58 910°24 
Casein ...... b. aad 48°28 83°60 Pisne 
Albumm ... » 79°74 4 5°76 12°99 p 20°18 
Butter ....... 26°66 43°05 43°57 12°56 
| Milk Sugar ... 43°6# 40°37 40°04 52-09 
Salts wc... 1138 5°48 | 6°22 s” 
{ 
Solids... 110°92 | 142 94 13642 89°76 
| 1000. | 1000. 1000. 1000. 
{ j 
0 lip ones me memes mee = eae” eS hates a 








Milk varies both in the amount of solids in solution, and fat, 
according to the aye and 
general condit®n of the 
animal, period of lactation, 
time of Tay, &c. 

Since human milk ig 
much poorer in proteid, 
fat, and sgits (see Table), 
and richer in sugar, than 
that of the cow and other 
domestic animals, it is ne- 
cessary to dilute the latter 
with water, and adil sugar, 
when it is substituted - 
for aes milk in feed- Seo “ff se 
ing infants. S o@ Oo re) 

The great value of is POERB.C 
milk asnutriment depends Fir. eee pce et gpurtoraes 
upon the fact that it con- cells (07). 
tains every class of food- 
stuff, viz., proteids, fat, carbohydrates, salts, and water, in the pro- 
portion demanded by the economy ; the salts in milk baing those 
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required for building up the bones of the infant, viz., phosphates 
and carbonates of lime, &c. 

The normal variations in these proportions are not very great, but 
as artificial modifications of the per-centage of water are common, & 
knowledge of the method of testing the purity of milk is necessary. 

Mik Tests.—The specific gravity of milk gives an easy measure 
of the solids in solution, buf, unfortunately it gives no estimate of the 
amount of fat suspended in the emulsion. Therefore, to test milk 
adequately two methods must be employed : one to estimate the degree 
of density of solution, and the other the degree of opacity of the 
emulsion. 

I. To test the density, a‘specially graduated form of hydrometer is 
generally used. This is yraduated so as to indicate specific gravities 
from 1042 to 1014. The former being the maximum density of pure 
milk, the average being about 1030, and the latter being about the 
density of pure milk when mixed with anf equal bulk of water. 
Every reduction of 3 in the specific gravity may be said to correspond 
to about 10 per cent. of water. 

II. The degree of opacity is estimated by the amount of water 
required to render a small quantity of milk sufficiently translucent to 
allow a candle-flame to be seen through a layer of the mixture one 
centimetre thick. One cubic centimetre of the milk (which has been 
shown by the microscope and the iodine test not to centain chalk or 
starch) is placed in a test-glass with flat parallel sides, just one centi- 
metre apart, and water is cautiously added from a graduated “pipette, 
The more water required the richer the ilk is in fat ; good fresh 
milk requires about 70 times its bulk of water tu become translucent. 

Another method employed for the same purpose consists in the 
comparison of the colour produced-by a thin layer of milk in a black 
cell with a previously prepared standard of greyish colours. 

The quantity of fat may also be estimated by placing the milk in 
a tall graduated vessel for twénty-four hours, at the end of which 
time it should show at least 10 per cent. of cream. ° 

Butter is made from milk, or better from cream, by breaking by 
agitation the coating of proteid which before churning prevents the 
oil globules from running together. It is almost completely composed 
of fat, the larger globules having run together to form the solid 
butter, which cén be removed, leaving some small fat globules with 
the proteids, milk sugar, lactic acid, and salts in the water forming 
“butter milk.” * 


* For the details of secretion of milk, &c., see Mammary Gland. 
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Cheese is another form of food made from milk by precipitating the 
proteid either by lactic fermentation, or the addition of rennet—an 
extract of calves’ stomach which, without the presence of any acid, 
curdles milk—and draining off the solution of milk sugar, and salts 
(“whey”). It contains most of the proteid, and a great deal of the 
fat of the milk. During the ripening of the cheese more fat is 
formed, apparently from the proteid, while leucin and tyrosin also 
appear. 

Meat.—We use the flesh of the veyetable-feeding mammals and 
birds that are most easily obtainable, and many kinds of fish. The 
invertebrate animals, mostly shell-fish, need hardly be mentioned 
in a physiological dietary, and are not spoken of as meat. 

As it comes from the butcher, meat consists of many of the animal 
tissues, the chief ones being flesh (muscle tissue), fat, and some 
sinews (fibrous tissue). The fleshy or lean part of meat is chiefly 
made up of nitrogenous materials, and contains: (1) Several pro- 
teids, chiefly the globulin, myosin ; (2) gelatine yielding substances ; 
(3) carbohydrates, glycogen, and sugar; (4) small quantities of fat ; 
(5) several inorganic salts ; (6) extractives, 

Meat may be eaten raw, but as it is impossible to impart to it the 
vaiious flavours which our artificial tastes demand without some 
special preparation, it is generally cooked before use. Moreover, the 
not infrequent Sccurrence in muscle of parasites which would prove 
in jurious if swallowed alive, makes the exposure of meat to a tem- 
perature high enough to ensure their destruction advisable. 

Apart from pleasing thee taste, it is of great importance so to pre- 
pare meat as to preserve in it all the nutrient parts, many of which 
are solublein water, and therefore #re apt to be removed if that sol- 
vent be injudiciously used. Thuspthe process of roasting, in which 
all its nutrient parts are retained, ought to be more satisfactory than 
boiling, by which the salts, extractives, carbohydrates, gelatin, and 
some albumin may be dissolved by the water. However, if the meat 
be plunged into water which is already boiling, the proteids near the 
surface are rapidly coagulated, and the water cannot reach the central 
parts in sufficient quantity to remove even the soluble ingredients. 
The whole of the albuminous parts may be thus coagulated as the tem- 
perature of the inner parts rises to boiling point. In treating meat 
to obtain “stock” (“bouillon”) for the foundation. of soups, the 
opposite procedure is adopted. Cold water is used, and the tempera- 
ture slowly and gradually raised, but not quite to boiling point, in 
order that as much as possible of the soluble materials may be ex- 
racted, and a testeless friable muscle tissue remains, (“ebouilli”’), 
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As the fluid is generally allowed to boil in order to clear it, much of 
the proteid material which was dissolved in the earlier stage, is coagu- 
lated and removed with the scum. Although “stock” cannot con- 
tain any great proportion of the most important constituents of meat, 
it is of much value as a nutriment in medical practice, possibly on 
account of some stimulating action of its ingredients upon the motions 
of the intestines and heart. A strongly albuminous extract of meat 
“ beef-tea,” may be made by digesting flesh in a small quantity of 
water, and keeping the temperature below that at which albumin 
coagulates, and adding vinegar and salt to facilitate the formation of 
syntonin and the solution of myosin. The salt can be then removed 
by dialysis, 

Eggs. Eggs consist of two parts, one the white, composed of 
albumin, and the other, the yolk, chiefly made up of fat. 

The white is a concentrated watery solution of albumin, held toge- 
ther by delicate structureless membranous meshworks. Besides the 
albumin it contains traces of fat, sugar, extractives, and salts. 

The yellow fat emulsion of the yolk contains a peculiar proteid, 
vitellin, some grape sugar, and some inorganic salts, in which com- 
binations of phosphoric acid and potassium are conspicuous. Raw 
eggs are difficult of digestion, as is all uncooked albumin. Hard 
boiled eggs, if not finely divided by mastication, are also very dithi- 
cult to digest, for the gastric juice cannot penetrate fhe hard masses 
of coagulated albumin which are 80 easily and commonly swallowed. 
Eggs, when lightly cooked, are easily digested, ax the albumin. is 
already coagulated, and cannot be introduged into the stomach in 
large masses. Eggs are of very great nutritive value, as they con- 
tain so large a per-centage of profvid, fats, and salts. ® 

Vegetable Food.—Vegetables difftr from animal food :— 

(1.) In containing a much greater proportion of material which for 
man is indigestible (cellulose), and a less proportion of real nutritive 
material. 

(2.) The per-centage of proteid is below that of animal food, and 
the proportion of carbohydrates is generally much greater, while 
the amount of fat is small but varies considerably. In order therefore 
to get the required amount of nutritive material from a purely 
vegetable diet, if is necessary to consume a much ¢reater quantity 
and the amount of excrement indicating the indigestible matters is 
proportionately increased. 

Cereals,—The most valuable forms of vegetable food are those ob- 

tained from the seeds of certain kindred plants (Graminacea) 
Wheat, rye, maize, oats, rice, &c., which when ground are used 
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either as “‘ whole meal,” or, the integument (“ bran”) being removed, 
as flour. They contain different kinds of proteid. (1.) A native 
albumin soluble in water and coagulable by heat, and in many re- 
spects like animal albumin ; but as it cannot be obtained pure it is 
imperfectly known. (2.) Vegetable fibrin, an elastic body, which 
coagulates spontaneously and is difficult to separate. (3.) Vegetable 
glue or gliadin, which gives the peculiar adhesiveness to the yluten, 
as the prgteid mixture obtainable from corn is commonly called. 
Cereals also contain traces of fat, and a very large proportion of 
starch and some salts. 

The following table gives the per-centages of the chief different 
nutritive stuffs in some commén cereals :— 


| | wheat | Barley. | Oats, Maize. | Rice, 
Water w.cccccccseses 443 14°48 | 10-88 | 12 








{ 9-20 
Proteid ....... | 1358 | 1226 | 904 | TAL | 5°06 | 
Fats seeccsee cesees 1 58 263 | 4 4°83 75 
Carbohydrates..| 69°61 | 67°96 | 73°49 | 73°19 | ga-47 | 
Salts wou... | 2°65 2°59 12s | *5 
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Green Vegetables.—These contain some starch, sugar, dextrin, salts, 
and minute quantities of proteid, and are of small nutritive value. 





Fig. 44.—Section of Pea, showing starch and aleurone granules imbedded 
in the protoplasm of the cells. (After Sachs.}, 


a.—Aleurone granules, = st.—Starch granules. i.— Intercellular spaces. 


Potatoes contain very little proteid, but a considerable quantity 
of starch, upon which their nutritive value almost entirely depends. 
The following table gives the relative proportions of the various 
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As the fluid is generally allowed to boil in order to clear it, much of 
the proteid material which was dissolved in the earlier stage, is coagu- 
lated and removed with the scum. Although “stock” cannot con- 
tain any great proportion of the most important constituents of meat, 
it is of much value as a nutriment in medical practice, possibly on 
account of some stimulating action of its ingredients upon the motions 
of the intestines and heart. A strongly albuminous extract of meat 
“ beef-tea,” may be made by digesting flesh in a small quantity of 
water, and keeping the temperature below that at which albumin 
coagulates, and adding vinegar and salt to facilitate the formation of 
syntonin and the solution of myosin. The salt can be then removed 
by dialysis. 

Eqgs. Eggs consist of two parts, one the white, composed of 
albumin, and the other, the yolk, chiefly made up of fat. 

The white is a concentrated watery solution of albumin, held toge- 
ther by delicate structureless membranous meshworks. Besides the 
albumin it contains traces of fat, suvar, extractives, and salts. 

The yellow fat emulsion of the yolk contains a peculiar proteid, 
vitellin, some grape sugar, and some inorganic salts, in which com- 
binations of phosphoric acid and potassium are conspicuous. Raw 
eggs are difficult of digestion, as is all uncooked albumin. Hard 
boiled eggs, if not finely divided by mastication, are also very ditt- 
cult to digest, for the gastric juice cannot penetrate fhe hard masses 
of coagulated albumin which are so easily and commonly swallow ed. 
Eggs, when lightly cooked, are easily digested, as the albumin is 
already coagulated, and cannpt be introdaged into the stomach in 
large masses, Eggs are of very great nutritive value, as they con- 
tain so large a per-centage of profvid, fats, and salts. ° 

Vegetable Food.— Vegetables ditfr from animal food :— 

(1.) In containing a much greater proportion of material which for 
man is indigestible (cellulose), and a less proportion of real nutritive 
material. 

(2.) The per-centage of proteid is below that of animal food, and 
the proportion of carbohydrates is generally much greater, while 
the amount of fat is small but varies considerably. In order therefore 
to get the required amount of nutritive material from a purely 
vegetable diet, if is necessary to consume a much preater quantity 
and the amount of excrement indicating the indigestible matters is 
proportionately increased. 

Cereals.—The most valuable forms of vegetable food are those ob- 

tained from the seeds of certain kindred plants (Graminacea) 
Wheat, rye, maize, oats, rice, &c., which when ground are used 
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either as “ whole meal,” or, the integument (“ bran”) being removed, 
as flour. They contain different kinds of proteid. (1.) A native 
albumin soluble in water and coagulable by heat, and in many re- 
spects like animal albumin ; but os it cannot be obtained pure it is 
imperfectly known. (2.) Vegetable fibrin, an elastic body, which 
coagulates spontaneously and is difficult to separate. (3.) Vegetable 
glue or gliadin, which gives the peculiar adhesiveness to the gluten, 
as the preteid mixture obtainable from corn is commonly called. 
Cereals also contain traces of fat, and a very large proportion of 
starch and some salts, 

The following table vives the per-centages of the chief different 
nutritive stuffs in some cominén cereals :— 
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| | Wheat. ; Barley. ; Oats, , Maize. Rice. 

















| Water... 4 43 14°48 | 10°83 ; 12 | 920 | 
Proteid .........{ 13°58 | 12-26 | 94 ) 791 | 5°06 | 
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Green Vegetables.x—These contain some starch, sugar, dextrin, salts, 
and minute quantities of proteid, and are of small nutritive value. 





Fig. 44.—Section of Pea, showing starch and aleurone granules imbedded 
in the protoplasm of the cells. (After Suchs.), 


a.—Aleurone granules, = st.--Starch granules, = i.— Intercellular spaces. 


Potatoes contain very little proteid, but a considerable quantity 
of starch, upon which their nutritive value almost entirely depends. 
The following table gives the relative proportions of the various 


72 MANUAL OF PHYSIOLOGY. 


As the fluid is generally allowed to boil in order to clear it, much of 
the proteid material which was dissolved in the earlier stage, 1s coagu- 
lated and removed with the scum. Although “stock” cannot con- 
tain any great proportion of the most important constituents of meat, 
it is of much value as a nutriment in medical practice, possibly on 
account of some stimulating action of its ingredients upon the motions 
of the intestines and heart. A strongly albuminous extract of meat 
* heef-tea,” may be made by digesting flesh in a apere apeenht 
Water, ditd keeping the temperature below that at which albumin 
coagulates, and adding vinegar and salt to facilitate the formation of 
syntonin and the solution of myosin. The salt can be then removed 
by dialysis. 

Eggs. Eggs consist of two parts, one the white, composed of 
albumin, and the other, the yolk, chiefly made up of fat. 

The white is a concentrated watery solution of albumin, held toge- 
ther by delicate structureless membranous meshworks. Besides the 
albumin it contains traces of fat, sugar, extractives, and salts. 

The yellow fat emulsion of the yolk contains a peculiar proteid, 
vitellin, some grape sugar, and some inorganic salts, in which com- 
binations of phosphoric acid and potassium are conspicuous. Raw 
eggs are difficult of digestion, as is all uncooked albumin. Hard 
boiled eggs, if not finely divided by mastication, are also very difti- 
cult to digest, for the gastric juice cannot penetrate fhe hard masses 
of coagulated albumin which are so easily and commonly swallowed. 
Eggs, when lightly cooked, are easily digested, a» the albumin is 
already coagulated, and cannpt be introdugd into the stomach in 
large masses. Eggs are of very great nutritive value, as they con- 
tain so large a per-centage of profvid, fata, and salts. ° 

Vegetable Food.— Vegetables differ from animal food :— 

(1.) In containing a much greater proportion of material which for 
mun is indigestible (cellulose), gnd a less proportion of real nutritive 
material. 

(2.) The per-centage of proteid is below that of animal food, and 
the proportion of carbohydrates is generally much greater, while 
the amount of fat is small but varies considerably. In order therefore 
to get the required amount of nutritive material from a purely 
vegetable diet, if is necessary to consume a much yreater quantity 

and the amount of excrement indicating the indigestible matters 18 

proportionately increased. 

Cereals.—The most valuable forms of vegetable tood are those ob- 
tained from the seeds of certain kindred plants (Graminacec) 
Wheat, rye, maize, oats, rice, &c., which when ground are used 
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either as “ whole meal,” or, the integument (“ bran”) being removed, 
as flour. They contain different kinds of proteid. (1.) A native 
albumin soluble in water and coagulable by heat, and in many re- 
spects like animal albumin ; but as it cannot be obtained pure it is 
imperfectly known. (2.) Vegetable fibrin, an elastic body, which 
coagulates spontaneously and is difficult to separate. (3.) Vegetable 
glue or gliadin, which gives the peculiar adhesiveness to the gluten, 
as the preteid mixture obtainable from corn is commonly called. 
Cereals also contain traces of fat, and a very large proportion of 
starch and some salts, 

The following table gives the per-centages of the chief different 
nutritive stuffs in some commén cereals :— 


| Wheat. | Barley.; Oats. ; Maize. ' Rice. 


Water... 13 14-48 | 10-88 | 12 | 990 | 
Proteid .........{ 13°58 | 12°26 9°U4 771 | 5°06! 
POTS Lec cecee seeeee 1°58 2°63 4° 4°83 7h | 
Carbohydrates...| 69°61 67°06 | 73°49 | TS1v | S447 f 
Salts oo... | 2 2°05 2°50 1°28 “5 
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Green Vegetables.—These contain some starch, sugar, dextrin, salts, 
and minute quantities of proteid, and are of small nutritive value. 
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Fig. 44.—Section of Pea, showing starch and aleurone granules imbedded 
in the protoplasm of the cells. (After Suchs.} 


a.—Aleurone granules, = s¢.—-Starch granules. —i.— Intercellular spaces. 


Potatoes contain very little proteid, but a considerable quantity 
of starch, upon which their nutritive value almost entirely depends. 
The following table gives the relative proportions of the various 
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nutritive materials contained in some of the common vegetable 
foods :— 


| Peas. Ts Beans. Potatoes, oauttower. 














pee taike | ya5q | 12 85 72°74 79°18 
ees 22°85 1°82 "50 
Carbohydrates 566) 56-68 23°77 18 
Extractive 1:18 3°82 07 
Soca taceiudt 1 1°59 15 
Salts 2°87 2°58 1°05 T. 


eee ere 


The most striking points are the very large proportion of proteid 
in the leguminous fruits, and the comparative richness of all vege- 
tables in starchy food-stuffs, 

Water is the great medium by the solvent power of which food 
is made capable of ingestion. Spring water always has a certain 
quantity of lime and other salts in solution, and in proportion to the 
amount of salts is said to be more or less hard. Water is tasteless, 
inodorous, and colourless when pure. Soft water, such as rain water, 
is pure, but not so agreeable to taste as spring water, and is very 
liable to contamination in its passage over rogfs previous to collec- 
tion. Standing water should be avoided for drinking, owing to the 
probability of its containing organic matter. 

Salis.—Great varieties of salts are taken into the system, of which 
chloride of sodium forms the largest proportion. These have no 
doubt very important functiong to perform, in entering into cgmbina- 
tion with the various tissues, and also probably in aiding the chemi- 
cal changes of parts of which ¢hey do not fown a normal constituent. 
They help to render certain substances & soluble, and stimulate the cells 
of certain glands to more active secretion, eg. the kidney excretes 
more urea when there is an abufdant supply of common salt in 


the food, 


CHAPTER VI. 


THE MECHANISM OF DIGESTION. 


THE acts of digestion may be divided into mechanical and chemical 
processes. Under the mechanical processes come the arrangements 
for the subdivision, onward movement, and general mixture of the 
food. The chief objects of the chemical changes may be said to be the 
change from the insoluble to the soluble form of certain kinds of 
food-stuffs (starch, proteids) and the finer subdivision of others, 
such as fats, which do not dissolve in the intestinal or body 
inices. 

Attention has already been called to the fact that there are different 
kinds of contracting textures, and that they are capable of different 
kinds of motion, some slow and steady, some rhythmical, some sharp, 
short and sudden. It must also be remembered that the more 
energetic and sudden the motions are, the more marked becomes the 
differentiation of the tissue. Thus the active, quick-contracting 
skeletal muscles and the rhythmically acting heart, are made up of 
tissue which is very distinct in structure and in mode of action 
from that -f the contracting cells cimposed of ordinary protoplasm, 
while in the slowly moving interndl organs we meet tissue elements 
which in different animals show many stages of gradation between 
simple, indifferentiated protoplasm ond the special striated muscle 
tissue, 

It is necessary that in the first stages of alimentation the motions 
should be quick and energetic; so the mouth, pharynx, and upper 
part of the cesophagus are supplied with striated muscle tissue, which 
differs in function and structure from that of the rest of the 
alimentary canal. In the stomach and intestines the slower and 
more gradual kinds of motion are required, and here we find a good 
example of non-striated muscle tissue. 

Around the extremity of the rectum is a band of smooth muscle, 
which remains in a condition of persistent or tontc contraction. 

For further details concerning the muscle tissue the student must 
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turn to the Chapter (p. 366) on that subject. Here, however, it 
may not be out of place to describe briefly the special character of 





Fig. 45.—Diagram of Alimentary Tract. Angles of mouth sht to show the back of the 
buccal cavity and the top of the pharynx. (c) Cardiac; (p) Pyloric parts of 


stomach; (d) Duodenum; (1) Jejunum and Thum; (ac) Ascending, (tc) truans- 
verse, and (de) descending colon; (r) Rectum ; (a) Anus. 


the muscles found in the wall of the digestive tube and their general 
arrangement. 


¢€ 


MASTICATION, V7 


Mastication.—In man, the introduction of food into the mouth 
is generally accomplished by artificial means, so that the biting teeth 
(incisors) and the tearing teeth (canines) are comparatively little used 
for obtaining a suitable morsel of food (Fig. 46). In the mouth the 





Fig 46 —Transverse sec- Fig 47 —Structural elements of the Enamel of Tooth. 
tion of the Canme m A Pnsms cut across showing the hexagonal section. 
Tooth of a man. 8. Isolated pnsms. (Kélliker ) 


(a) Enamel, () Den- 
tine; («) Pulpcavity ; 
(d) Crusta petrosa. 
(Cadiat ) e 


all-impgrtant act of chewing or mgpstication is accomplished by 
means of the motions of the lower jaw, the tongue, and the cheeks, 
This process of breaking ap the solid parts of the food ought to be 
continued until all haid substances are ground into a soft pulp. 

Structum of the Teeth.—The exposed part of the teeth is covered 
by a dense substance of flinty Hardness called enamel, which is 
developed from the epithelium, and consists of hexagonal prisms 
set on end, which are really modjfied epithelial cells but only 
contain about 2 per cent. of animal matter (Fig. 47). The bulk 
of the tooth is made up of dentine, a substance like bone in composi- 
tion, pierced by numerous fine canals — dentine tubes — which 
radiate towards the surface, from the pulp cavity, in the centre of 
the tooth. Processes of protoplasm run in the dentine tubes from 
the tooth cells, which line the pulp cavity and preside over the 
nutrition of the tooth, The cavity contains vessels, nerves, &c., 
which enter at the root of the tooth which is enclosed in a kind 
of modified bone tissue called crusta petrosa. 

The two rows of grinding teeth, molars and premolars, (one on each 
ide) of the lower jaw are made tu rub agniyst the corresporlling teeth 
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in the upper fixed jaw by the combined vertical and horizontal move- 
ments induced by the action of the powerful muscles of mastication 
the temporal muscles, together 
with the masseters and inter- 
nal pterygoids, all tending by 
their contraction to elevate 
the lower jaw and bring the 
teeth forcibly together. This 
action is opposed by the digas- 
tric, the genio- and mylohyoid 
muscles, which by their com- 
bined force depress the jaw 
and separate the tecth. 
The horizontal movements 
are in the main accom- 
plished by the external ptery- 
goid muscles, which, acting 
together, pull the lower jaw 
forward so as to make the 
lower tecth protrude  be- 
yond the upper. In this 
action they are opposed by 
the digastric dnd hyoid mus- 
cles, One external pterygoid 
Fig. 48 —Section through a portion of fho fang on either side acting alone, 
ee ea a pcs ere adwagces that side of the 
(c) Crusta petrosa. "lower jaw only, and thereby 
. causes the lower teeth to in- 
cline towards the opposite side©in a lateral direction, The two 
muscles acting alternately cause a horizontal motion from side to 
side. Thus, while the lower teeth are pressed firmly against the 
upper ones they are at the same time made to glide over them, either 
from side to side or backwards and forwards. By these movements 
the bruised food is soon pushed from between the teeth, and pnsses 
towards either the tongue or cheek. The morsel is soon replace 
between the teeth by the action of the tongue on the one hand and 
the buccinator muscle in the cheek on the other. 
While the process of mastication is going on, the food becomes 
thoroughly moistened with the fluid secreted within the mouth. 
Degiutition.—The next step is swallowing. When the food is suffi- 
ciently triturated and moistened it is collected together by means of 
the tongus, and placed upon the upper surface of that organ, which 


{ 
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becomes concave and presses or rolls the soft pulp against the hard 
palate so as to shape it into an oblong massor bolus (Fig. 51). The apex 





Fig. 49.—Section through a portion of dentine next the pulp cavity of a grewing tooth. 
(a) An isolated odontol last; (>) Growing part; (c) Odontoblasts. (7) Fila- 
ments of protoplasm projecting from the tubules of hard dentine. (Beale.) 


of the tongue is now rifised and pressed against the hard palate, and by 
the successive elevations of the different parts of the corsum of the 





Fig. 50.—The Pterygoid Muscles seen from without after remov&l of the superficia 
parta, the temporal muscle, the zygomatic arch, and a portion of the lower jaw 
and masseter. (1) External, (2) Internal pterygoid muscle. 


tongue the bolus is gradually pushed backwards towards the isthmus of 
the fauces. The root of the tongue with the pyoid bone is at*the same 
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tame drawn upwards and forwards, so that the bolus easily slips down 
along the retreating slope leading from the mouth cavity, and gets 





Fig. 51.—Muscles of Tongue and @hurynx. 


1, 2, 3, Muscles from styloid process (4) to the tongue, 
hyoid bone (d) and pharynx respectively; 4, 5, 6, 7, 8, 
muscles of tongue; 9, 10, 11, conatrictors of p : 
12, esophagus; 13, is placed on larynx (¢). (Allen 
Thomson.) 


within the reach of 
the constrictors of 
the fauces. Imme- 
diately before the 
morsel of food is 
grasped , by the 
muscles of the fauces 
the levator palati 
draws the soft palate 
upwards and back- 
wards to completely 
close the posterior 
openings of the nasal 
cavity, as is shown 
by the fact that 
during the act of 
swallowing the pres- 
pure in the nasal 
cavity is raised. At 
the same moment 
the intrinsic muscles 
of the larynx, which 
surround tne rima 
glottidis like a 
constrictor, firmly 
cluse that opening 
by approximating 
the cords and aryte- 
noid cartilages. The 
entire larynx is at 
the same time drawn 
up behind the hyoid 


bone by the thyro-hyoid muscle. The rima glottidis ix thus tucked in 
under the cushion of the epiglottis, while the leaf of the epiglottis 
is pulled down over the larynx by the oblique aryteno-epiglottidean 


and thyro-epigfottidean muscles. 


While the closure of the nasal and pulmonary air passages is going 
on, the bolus has passed out of the cavity of the mouth and has been 
caught by the palato-glossal and palato-pharvnyeal muscles which force 
it iuto the pharynx, and at the sume time close the isthmus faucium 
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Fig 92.—Deep Musi lcs of Cheek, Pharynx, &c. 


behind the descending morsel. The stylo-pharyngeis and the pharyn- 
geal constrictors now grasp the bolus spasmodically, and the latter 
contract in rapid succession, moving the bolus onwards, and drawing 
themselves over it, pass it on to the esophagus, where, by a progressing 
ring-like contraction of the circular muscles and a simultaneous 
shortening of the longi- 
tudinal layer of fibres aa | 
the mass is slowly 
squeezed down to the 
cardiac orifice of the i 
stomach. The move- — jp 
ments of the «aso- . —_ 
phagus are essentially 
peristaltic in character, 
the peculiarities of 
which form of motion 
will be discussed when 
speaking of the intes- 
tinal movements, 

The entire process of 
swallowing is a coutin- 
uous series of co-or- 
dinated muscular acts, 
quite independent of 
cravitati®n, as may be 
geen in animals drink- 
ing with their heads 
downwards, Although 
all the complex sets of 
movements follow each 
other perfectly evenly Fee in eee ae 
and without any check () Qrbicuara Brits (2), buanator (2) uperie 
or pause, the act of*de- pharvnx; (6) asophagus ; (7) styloid muscles cut 
ulutition is commonly aa elles loth a 


divided imto three so- 
called stages, between which, however, it is by no means easy to 
draw a hard and fast line. 

The first stage is simply the initiatory step of placing the morsel 
of fool or some liquid in such a position as to excite the second or 
spasmodic act of deglutition. This first step is a voluntary act, and 
it is the only part of the movements of swallowing over which we 
have any voluntary control. The progress of the morsel detween 


a) 
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the tongue and palate towards tlie fauces may be as elow and gradual 
as we wish, but the moment a certain point is reached volition is at 
an end, and we are unable to check the completion of the act. 

By the second stage is meant the period occupied by the passage of 
the food bolus through the pharynx and past the top of the larynx. 





Fig. o3.—Trunsverse section of CEsophayrun 
(Horsley.) 

a. Outer fibrous covering, 
d. Bundles of longitudinal muscle%ut across. 
c. Transverse muscular coat cut obliquely 
d, Sub-mucous coat with glands in section. 
e. Musculans mucosee. 

J. Mucous membrane with cut vessels. 

g. Stratified epithelium. 


Although we are not able to 
influence it in any way by 
our will, we are conscious 
of the food passing in this 
1egion. It is a rapid in- 
voluntary spasm in which 
a great number of muscles 
take part, all of which are 
made up of striated muscle 
tissue. 

*The third stage includes 
all the rest of the time 
during which the bolus is 
passing from the’ grasp of 
theGower pharynyeal con- 
strictor and along the ceso- 
phagus. Not only has our 
will no influence over this 
stage of deglutition, but 
we are hardly corfécious of 
its taking place, since no 
.Ensations accompany the 
greater part of it. Thus 
the more essential move- 
ments of the act of swal- 
lowing are purely reflex 
and involuntary, though 
we can tall forth this series 
of reflexions by voluntary 
stimulation of a certain 
part of the fauces by 


means of a mor-el of food or a drop of liquid. And without such a 
stimulus as foo or liquid we cannot by our will excite swallowing. 
We think we can perform the muscular movements of swallow- 
ing when we please, without any food or fluid, but in this we are 
nistaken, as careful observation of our own perfurmanee of the act 


will shory. 
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The pharyngeal spasm is always preceded by the deposition in the 
tegion of the isthmus faucium of some drop of saliva collected from 
the mouth or fauces themselves. In fact, without a slight preliminary 
movement of the posterior part of the tongue—which might be called 
the last act of mastication—the more essential stages of deglutition 
cannot be excited. 


Nervous MrecHanismM.—The voluntary influences which regulate 
the motions of the muscles of mastication pass along the efferent 
branches of the fifth nerves (trigemini) which accompany its 
inferior division. ‘The muscles which depress the jaw to open 
the teeth and the intrinsic muscles of the tongue are supplied by 
the ninth pair of nerves (except tle posterior belly of the digastric, 
which has a branch from the facial, and the mylohyoid and anterior 
belly of the digastric, which are supplied from the third division of 
the fifth). The co-ordination of the movements of mastication and 
buction seem to reside in the medulla oblongata, but are obvicusly 
under the control of the will. 

The afferent impujses which excite the nerve centres in the 
medulla, and give rise to reflex acts which cause the swallowing 
movements, pass from the niucou»s membrane of the fauces along (1) 
the descending palatine branches of the spheno-palatine ganglion and 
the second division of the trigeminus, also along (2) the pharyngeal 
brancheg of the superior laryngeal braych of the vagus to the medulla, 
where the co-ordination of pharyngeal spasm and cesophayeal peri- 
stalsis is accomplished. gMhence the effgrent impulses pass alung (1) 
the hypoglossal tu the hyvid and _Slossal muscles, (2) the glosso- 
pharyngealand vagus to the pharyngeal plexus to supply the con- 
strictors, and (3) along the facial dud fifth to supply the fauces and 
palate, as indicated by their anatomical distribution. 

The act of deglutition can be readilwexcited in an auimal which is 
deprived of all the nerve centres down to the medulla oblongata, 
and may also be seen in those human monstrosities (anencephalous 
foetus) which are born without the upper pait of the brain being 
developed, but can both suck and swallow. 

The movements of the esophagus are reflections from the central 
nervous system (medulla), both sets of impulses (poss#ly the afferent 
and certainly the efferent) passing along the branches of the vagus. 

It would appear that the normal peristaltic movements of the coso- 
phagus are always initiated by a pharyngeal spasm, and that they 
form an inseparable sequel to it. Thus the wave of contraction 
passes along the entire length of the asophagus, even when the bolus 

G2 
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is stopped mechanically, and on the other hand a body introduced 
into the cesophagus without passing through the pharynx excites no 
peristaltic wave and remains motionless. 

But it has been observed, in apparent contradiction to the fore- 
going statement, that the esophagus when removed from the body, 
and therefore quite independent of the pharynx and its nervous 
connections, can be excited to move peristaltically. In this case the 
medulla or vagus can have no part in bringing about this wave of 
movement. To explain this discrepancy it may be urged that the 
local nerve and muscle mechanism in the tissues of the oesophagus 
are capable by themselves of carrying out peristaltic contraction inde- 
pendently of the central nerve organs, but that this power is, under 
ordinary circumstances, held in check by the vagus. The inhibition 
is temporarily suspended as a sequence of pharyngeal spasm, and 
consequently a wave of peristaltic 
contraction is excited in the oso- 
phageal muscles, either in re- 
sponse to the direct stimulus of a 
passing bglus, or as a result of 
impulses reflected along the vagus 
channels from the medulla. 


Motion OF THE STOMACH. 
—The stomach and gregter part 
of the intestinal tract move 
freely Within the abdomen, being 
covered by the smooth serous 
lining of that cavity, which 
Fig. 54.—Diagrumof WualloftheStomach, also keeps in position, so as to 

showing the relative thickness of the restrict their movements, those. 
mucous membrane (a, }, c), andthe 
transverse (+), oblique (/}, and Yon- Parts, such as the duodenum, 
gitudinal muscle fibres. ; into which ¢he ducts of large 
glands open. When the stomach 
is dmpty it hangs with the great curvature downwards, and the 
muscular coats are quiescent. On being filled it is pussively 
rotated on its lony axix, so that the greater curvature is turned 
forwards, here®meeting with less resistance, and the lesser curva- 
ture is turned backwards to its line of attachment. In the main, 
the motions of the stomach are peristaltic. They become very active 
about fifteen minutes after the introduction of food, and gradually 
become ynore and more energetic until the end of stomach digestion, 
which lasts about five heurs, 
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The result of the peristaltic motion is to move the food, particu- 
larly the part next the gastric wall, along the great curvature towards 
the pylorus. A back current towards the cardiac extremity has 
been noticed running along the lesser curvature, and the median axis 
of the food mass. At the same time a peculiar rotatory motion of 
the gastric wall takes place, similar to that of rolling a ball between 
the palms of the hands, so that the food is twisted in a given direc- 
tion, and the deeper lying portion is brought into contact with the 
mucous membrane. 

While the fundus keeps up considerable pressure on the contents 
of the stomach, the indistinct peristaltic action of the central parts is 
intensified on nearing the pylorus into a strong circular contraction, 
which proceeds as a definite wave towards the pyloric valve, through 
which it gradually forces the more or less digested food. At first 
only the fluid parts are allowed to pass, but towards the later stages 
of digestion the fatigued pyloric muscle admits solid masses into the 
duodenum. 


NERVE INFLUENCE ON StoMacH Mortions.—The stomach has 
nerve connections with the cerebro-spinal axis through the vagi, and 
the splanchnic branches of the sympathetic, and in the walls of the 
organ itself are numerous vanglion cells. The sympathetic connec- 
tions do not seem to have any influence on the muscular coats, for 
neither'their stimulation nor sectiun has any marked effect on their 
movements. If the vagi be severed, stomach contractions still occur, 
but no form of local stirgudation produces the normal gastric motions, 
even if the organ be quite full of food, therefore it would appear that 
the local ngrve centresare not sufficiéht to excite the normal rhythinical 
muscular action. Moreover, stim@lation of the cut vagi leading to 
the stomach cuuses active movements when the stomach is full. 1t is 
not merely the presence of food that produces the movements, as is 
shown by the fact that the motions increase as the contents of the 
atomach diminish, but conditions incidental to digestion (hyperzemia, 
&e.) probably also act as a stimulus. 


VoMITING is the ejection of the contents of the stomach by means 
of a convulsive action of the respiratory and abdominal muscles 
associated with an abnormal contraction of the stomach wall, which 
aids in opening the cardiac orifice while it keeps the pylorus firmly 
closed. 

The act of vomiting is commonly preceded by (1) a feeling of sick- 
ness or nausea, (2) a great secretion of saliva, (3) retching. «The latter 
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consists in a violent inspiratory ‘effort in the midst of which the root 
of the tongue and larynx are, faised and the rima glottidis suddenly 
closed so as to prevent air entering the wind-pipe. The inspiratory 
muscles still acting, and the pharynx and upper part of the esophagus 
being held open, air is drawn into the gullet and dilates this tube 
nearly as far as the opening into the stomach. A contraction of the 
muscle fibres radiating from the cesophagus over the stomach, then 
opens the cardiac orifice and allows some yas to escape. Now the act 
of vomiting is completed if at this moment—the mouth and pharynx 
being open, the larynx closed, the cesophagus on the stretch, the 
cardiac orifice relaxed, and the pylorus firmly closed—the expiratory 
muscles forcibly contract, and, pressing upon the abdominal cavity, 
give a sudden stroke to its contents so as to empty the stomach. The 
wall of the stomach also contracts evenly throughout, but not with 
any forcible anti-peristaltic action such as would yreatly aid in the 
operation of rapidly ejecting the vomit. The chief object attained 
in the adult by the action of the muscular coat of the stomach seems 
to be the relaxation of the cardiac orifice. In children, when 
the fundus is little developed, and the fibres radiating over 
the stomach from the csophayus are nfmerous and strong, 
the act of vomiting requires less effort on the part of the respira- 
tory muscles, the freyuent pukiny of suckling infants being accom- 
plished by the gastric muscle alone. When the vomit is emitted, 
the hyoidean, laryngeal, and neck muscles relax, and the air 
is forcibly driven out of the partially distended lungs 88 as to 
clear away any remaining particles from the upper part of the air 
passages. 

Vomiting 1s usually cause® by irritation of the stomach 
itself, and may be induced ky either mechanical, electrical, 
or chemical stimulation of the mucous membrane. In this way 
some emetics, such as mustard, sulphate of copper, &c., act. It 
wmay also be caused by intestinal irritation, as when a hernia 
is strangulated, or the mucous membrane irritated by intestinal 
worms. 

Gentle stimulation of the fauces and neigh}ourhood of the root of 
the tongue commonly induces vomiting. In the early stages of 
pregnancy the unusual condition of the uterus causes frequent 
vomiting, which is known as “morning sickness.” The irritation of 
a calculus passing through the ureter, or a gall-stone impacted in the 
bile duct, commonly excite vomiting. Injuries of the brain, and 
psychical impressions, particularly those excited by the sense of 
smell or unusual disturbance of equilibrium, may give rie¢ to vomit- 
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ing. Moreover, a number of médicaments, as apomorphin, emetin, 
&c., cause vomiting if introduced into the blood. 

From the foregoing facts it appears that vomiting is a complex and 
irregular muscular act, which may be induced by the stimulation 
of various parte of the internal surfaces of the ody, particularly 
those which receive branches from the vagus nerve. 

One would therefore be inclined to suppose that some afferent nerve 
channels exist in the vagus which bear impulses to a vomiting nerve 
centre and excite it, so as to cause it to send forth peculiar and irre- 
gular impulses to the respiratory, gastric, and other muscles, and 
give rise to their characteristic spasm. 

Inshort, it would seem to beareflex act, the afferent impulses of which 
pass to the medulla oblongata by the vagus, and the efferent impulses 
are conveyed by the ordinary spinal nerves to the respiratory muscles, 
by the vagus to the pharyngeal, laryngeal and gastric muscles, and by 
the fifth, seventh, and ninth nerves to the palatine, facial, and hyoidean 
muscles. This vomiting nerve centre must lie in the medulla, in 
very close relationship to the respiratory centre, with which it nearly 
corresponds. This centre may bring about the whole sequence of 
events known as vomiting when stimulated either directly by 
poisons, contained in the blood, indirectly through the vagus, or even 
from the higher centres by emotions or ideas. Section of the vavi 
renders vomiting impossible, as it cuts off both the commonest source 
of stimulus going to the centre, and also the important efferent im- 
pulses which cause the muscle coat of the stomach to contract and 


to open the cariliac oriticg.e = 


MovEMESTS OF THE INTESTINES?—The muscular coats are some- 
what differently arranged in the small and the large intestines, but 
have the same general relation to each other, viz., a thin longitudinal 
layer lying externally, next the serous | membrane, and a layer of cir- 
cular fibres considerably thicker lying * internally under the mucous 
membrane. In fhe large intestine the external longitudinal 
fibres are collected into three bands placed at equal distances 
one from another, which, being rather shorter than the remainder 
of the intestine, throw the intermediate part into a series of 
pouches. 

It is in the small intestine that peristaltic motion of the most 
typical kind occurs. A wave of contraction passes from the pylorus 
along the circular fibres, so as to look like a broad ring of constric- 
tion progressing slowly downwards. 

The longitudinal fibres at the same time. contract so as te shorten 
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the piece of intestine immediately below the ring of constriction, 
and also cause a certain amount of rolling movement of those loops 
of intestine which are free enough to move. 

This motion takes place periodically in proportion to the amount 
and character of the contents of the intestine, the food passing over 
the mucous membrane being to 
all appearance the stimulus which 
normally calls forth and intensi- 
fies the action. 

The activity of the peristaltic 
movements varies With many cir- 
cumstances besides the contents 
of the intestines, Of these the 
most noticeable is the amount 
and chayacter of the blood flow- 
ing through the vessels of the 
intestinal wall. Thus stoppage 
ut the blood current by tying the 


arteries or deficiency of oxyyen 
Ig. 55.—Diagram of a longitudinal sec- . y ys 


tion of the wall of the small intestane. and excess of carbonic acid causes 
inordinate activity of the peri- 





a, Villi. : , : en ere 

b. Lieberktthn’s Glands. staltic action. Direct irritation 

. ay eoi mucosee, pagar which of the serous surface of the in- 

is Ppelcerviche ria auride wore testine, with mechanical, chemi- 
blood and lymph-vessels lie. cal, or electrical stimuli causes 


e. Circular muscle fibres cut acruss : ie 
iil Meda o's errs pled te. also icyaxe in the movements of 


low it. the intestine. 
Jf. Longitodinal muscle fibres. * The great activity of the 
g-:Rervus cose. * motion observed when the abdo- 


minal cavity of a recently killed 
animal is opened depends partly on the exposure to cool air, and 
partly on the venous character of the blood in the vessels no longer 
oxidised by respiration. 

The irregular and impetuous action of the intestine which follows 
the constriction or strangulation of a hernia) protrusion, chiefly 
depends on the mechanical effect, but also is probably intimately 
related to the interference with the blood supply consequent on the 
pressure exerted by the constricting band. Prolonged over-work 
often induces immobility of the intestinal wall, and hence we find the 
purging and vomiting, which accompany a temporary hernial con- 
striction, fullowed by inability of the intestine to propel its contents. 
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These points have also been proved by results of experiments on the 
lower animals. 

The movement of the large intestines are the same as the small, 
but not so obvious, owing to the modified sacculated shape of this 
part of the alimentary canal. The contractions of the colon begin at 
the ileo-czecal valve where the peristaltic wave of the ileum ceases, 
The normal intestinal motions thus pass in an almost uninterrupted 
wave from the pylorus to the end of the gut, but when special sources 
of irritation exist, a wavemay originate in almost any intermediate part 
of the intestine. A reversed “ anti-peristaltic motion,” as it is called, 
only occurs as a. result of some intense local stimulation, such as the 
strangulation of a hernia, &c. 

The motion produced by the substances contained in the intestine 
depends on their character. The solid parts excite more rapid move- 
ments, and the more fluid portions but slightly influence the intes- 
tinal peristalsis. 

Thus the solids which make their way through the pylorus are 
seldom to be found in the jejunum, no matter at what period after a 
meal the animal be Jcilled, whereas the folds of the mucous mem- 
brane are always bathed in a fluid creamy material during the entire 
period of digestion, and even for a considerable time after all the food 
has left the stomach. 


MECYANISM OF DEFACATION.—This is a point of much import- 
ance, for the evacuation of the lower bowel is intimately connected 
with feelings of comfors 4nd health, sd the insuring of its accom- 
plishment, in illness, forms an essential part of the physician’s duty. 

The movements of the intestine cause the various excretions and 
indigestible parts of the food to pass towards the sigmoid flexure of the 
colon, where their onward motion is checked for a time by the strong 
circular muscle of the rectum (called the superior sphincter, or 
tertius by Hyrtl), gvhich does not carry on the peristaltic wave. The 
materials here get packed into a more or less solid mass, which is 
gradually augmented after each meal. 

The lower outlet of the alimentary canal is closed by two distinct 
sphincter muscles. One thin external superficial muscle, made 
up of striated tibres, belongs to the perineal group, and has little in- 
fluence on the closure of the anus. The deep or internal sphincter, 
which is much stronger, surrounds the gut for rather more than an 
inch (3 centimetres, Henle) in height, and is one quarter inch thick. 
It is made of smooth muscle, and therefore capable of prolonged 
(tonic) contraction. It would appear, however, that this strong 
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sphincter is a supernumerary guard to the anal orifice, which is but 
rarely called into action, for during the interval of rest between the 
acts of defecation, the feces do not come in contact with the portion 
of intestine surrounded by this muscle. The rectum for quite 
one inch above the sphincter is perfectly empty, being kept free 
from feculent particles partly by a fold of the intestinal wall, and 
partly by the repeated action of the voluntary muscles in the 
neighbourhood, which by intensifying the angle that exists at this 
point, and flattening this inch of rectum, can squeeze back the 
approaching matters. Anyone familiar with the digital examination 
of the nnevacuated rectum, knows that no fieces are met with for 
about two inches. 

Considerable accumulation may take place in the sigmoid flexure 
without much discomfort ensuing, but when the rectum is distended, 
an urgent sensation of wanting to empty it ,is experienced, and the 
voluntary movements mentioned above, are performed by the levator 
ani and the neighbouring perineal muscles, with the object of pre- 
venting any substance reaching the part of the rectum immediately 
above the sphincter. 

If the rectum be distended with fluid, the occasional anal elevation 
does not suffice to keep it back, and a continuous and combined 
action of the sphincters and levator ani, &c., is necessary to ward off 
the expulsion of the contents. 

When the lower bowel is habitually emptied at the same hour 
daily—a habit which should be carefully exercised—the sensations of 
requirement to go to stool ogcur with grea punctuality, or can be 
readily induced by the will, so that normal defsecation is reputed 
to be, and practically is, a voluntary act. But not completely ao, for 
somewhat like swallowi ing, the lfter stages of defeecation, consist 
essentially of a series of involuntary reflex events which we can 
initiate by the will, but when, it is once started, are powerless to 
modify until the reflex sequence is completed. , 

Under ordinary circumstances, the evacuation of the faces is com- 
menced by the voluntary pressure exercised on the abdominal contents 

. by the respiratory muscles, The diaphragm is depressed, the outlet 
of the air passages firmly clused, and the expiratory muscles thrown 
into action, while at the same moment the muscles which close the 
pelvic outlet relax, and allow the anus to descend, so that the inferior 
angle of the rectum is straightened, and a voluntary inhibition of the 
sphincter is brought about. This voluntary expiratory effort seldom 
requires to be continued for more than three or four seconds before 
some fecdl matter reaches the part of the rectum just above the 


INTESTINAL NERVE-MECHANISM. 91 


sphincter. When this has occurred, no further abdominal pressure 
is necessary (except when the masses of feces are large and hard), for 
the local stimulus starts a series of reflex acta which carry on the 
operation. These consist of an increased peristaltic contraction of the 
colon and sigmoid flexure, the waves of which pass along the rectum. 
These waves are accompanied by synchronous rhythmical relaxation 
of the sphincter, which replaces its normal condition of tonic con- 
traction. 

The effect of the voluntary effort, and the amount of the abdominal 
pressure required, depend upon the consistence of the feces. When 
quite fluid, they constantly tend to come in contact with the sensitive 
point of the rectum, and a voluntary effort is required to prevent the 
reflex series of events fiom taking place,» momentary relaxation of 
the sphincter with voluntary abdominal pressure is sufficient to eject 
the contents of the bowel. On the other hand, when the feeces are 
firm, time is reyquined in order that the slowly acting smooth 
muscle may pass the mass onward. In common constipation, the 
difficulty is to get the solid mass down to the sensitive exciting point, 
in which case a few drachms of warm fluid, used as an enema, may 
awaken the necessary teflex movements. 





Fig. 56 —Auerbach’s pleaus fiom 
between the muscle coats of the Fig 57 —A nodal point of Auerbach’s plexus 
intestine with low power under lugh power, showing the nerve 

cells, 


Nervous MECHANISM OF THE Intestinal Morio&.—Many points 
in the nervous control exerted over the intestinal muscles are obscure. 
We know that intestinal movements which are peristaltic in their 
nature occur in a portion of intestine removed frum the body, and thus 
separated from all central nervous control. We know also ghat there 
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are abundant nerve elements in the walls of the intestines which have 
all the charactera of ganglion cells, and therefore probably act as 
nerve centres. (Figs. 56, 57.) 

With regard to these local nervous agencies, anatomists have made 
out two distinct sets, both of which have the form of a network of 
nerve fibrils studded with cell elements at their nodal points. One 
of these, a closely meshed plexus with flattened cords and ganglionic 
masses at their points of union, lies between the longitudinal and 
circular Jayers of muscle (Figs. 56, 57) forming the plexus myen- 
fericus exterior of Auerbach, and most likely has to do with the move- 
ments of these layers of muscle. The other lies internal to the 
circular muscle, in close relation to the muscularis mucose, and is 
called the plexus myentericus interior of Meissner; the meshes of 
which are looser and more irregular, and the cords and ganglia more 
rounded and finer than those of Auerbach’s plexus. (Figs. 58, 59.) 

The blood flowing through these nerve centres in all probability 
acts as a sufficient stimulus under ordinary circumstances, to produce 
some peristaltic motions,and hence we may sav that they are automatic. 
When food comes into the intestime it increases the flow of blood, as 
well as mechanically irritating the intestinal wall. The intestinal 
vessels remain engorged so long as the process of digestion goes on. 





Fig. 58.—Mesasner’s plexus, low Tig 5% —Meimsmer's plexus (high power), 
power. showing cells grouped at nodal pomts. 


Food seems to dct more effectually than insoluble mechanical stimuli, 
for when insoluble substances are placed in the yut, they at first call 
forth active movements ; but these do not last lung, for the stimulus 
is not of itself adequate to excite prolonged action, except it be asso- 
‘ciated with continuing congestion dependent upon other causes, such 
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as the vaso-motor changes accompanying the general digestive 
process, and the absorption of the prepared food-stutts. 

With regard to the influence of other nerves,it seems to be admitted 
on all sides that the vagus acts as an exciting nerve, since stimulation 
of its peripheral part causes increased action, and it is probable that 
its great efferent channel for impulses is reflected through the brain. 

On the other hand, the splanchnic nerves, which come from the 
thoracic sympathetic, are said to be inhibitors of the myenteric 
plexuses. This may be explained by their effect on the small vessels 
—which they no doubt control—causing a change in the blood 
supply. Be this as it may, the splanchnic seem to have considerable 
influence on the intestinal movements. When stimulated they 
commonly check the intestinal motions, but may sometimes (as when 
the movements have ceased after death), give rise to new movements. 

On account of this gouble action, it has been said that there 
are two kinds of fibres, (1) inhibiting, which are easily excited, and 
during life have greater influence, and (2), exciting, which, though less 
excitable, retain their irritability longer. 

However, most of these effects may be explained by referring them 
to vaso-motor changes. 

With regard to defivcation, we know that a nerve centre exists in 
the lumbar portion of the spinal cord, which governs the sphincter, 
and seems to keep up its tonic contraction. This centre may be 
either excite l to increased action or inhibited, by peripheral stimuli 
or by central influences from the brain, 

Thus the local application of warmth gauses inhibition of the centre, 
and thereby relaxation of the sphincter, while cold gives rise to in- 
creased cewtral action, causing contfaction of the sphincter muscle ; 
(a point to be remembered when @xamininy or operating within its 
grasp). Besides the voluntary variations which we can bring about 
in the activity of this lumbar centre, gnany other central influences, 
such as emotions, may operate upon it. Thus terror inhibits the 
centre, and loosens the sphincter independently of our will. 


CHAPTER VII. 


MOUTH DIGESTION. 


THE cavity of the mouth is lined by a bright red mucous mem- 
brane, which is continuous with the skin at the lips. It varies 
in structure in different parts of the buccal cavity, and in its general 
construction more resembles the outer covering of the body than the 
mucous membrane lining the alimentary tract. It consists of (1) a 
superficial part composed of thick stratified epithelium, in the upper 
cells of which are flat, scaly, and tough, and are placed horizontally, 
while in the deeper ones the cells are soft, rounded or elongated, 
having their long axis perpendicular to the surface, and (2) a deeper 
part composed of fibro-elastic tissue, which, qver the alveoli of the 
teeth, is amalgamated with the periosteum and forms the dense 
tough gums. 

The mucous membrane of the mouth, is covered with papilla, 
which on the dorsum of the tongue attain great magnitude and 
variety of shape and epithelial 
covering. In man, three kinds 
are deesribed : —(1.) Narrow 
pointed, filiform. (2.) Blunt 
and clubbed at the apex, fungt- 
form. (3.) Broad complex papille, 
surrounded hy a fossa, cirewm- 
eillate, of which there are but a 
limited number (about a dozen). 

The special secreting organs 
or glands, which pour their juices 
into the mouth, have all the same 
general type of structure, though 
they vary muck in the detail as to the varicty and character of 
their cells. They are known as the acinows or sacculated ylands, from 
their being made up of numerous acini, or minute elongated sacs 
or tubules, arranged at the end of a repeatedly branching duct, like 
grapes on the terminals of the successive little branches growing 
from the central stalk toform a bunch. In the glands the saccules 
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are packed together closely around the ducts, and by mutual pressure 
are made to assume various shapes. The wall of the saccule is 
formed of a very delicate clear transparent membrane, on the out- 
side of which are numerous flattened branching stellate cells, the 
branches of which anastomose one with another, and appear also to 
penetrate the membrane in order to reach the inside of the acini. 
The cavity of the little sacs is almost completely filled with large 
polygonal gland-cells, so that only a very narrow space exists in the 
centre. (Fig. 61.) From this space, there is free communication to the 
main duct of the gland by means of the proper ductlet of each saccule, 





Fig. 61.—Section of the Sub-inaxillary Gland of the Dog, showing the commencement 
of a duct in the alveoli. x 425. (Schafer.) 


a. One of the alveoli, several being greuped round the ductlet (a’). 

b, Basement membrane in section. 

d, Larger duct with columnar epithelium. 

8. Half-moon group of cells. 
In the saccules of some glands, the so-called mucous salivary elands, 
another kind of cell element is seen between the gland cells just 
described and the wall of the sac, their outer side following accurately 
the concave boundary of the saccule, their inner side 1mpinging upon 
the gland cells. They thus acquire a more or less half-moon shape. 
These demilune cells will be again referred to (page 106). 

Between the saccules are numerous blood vessels which branch and 

form a network of cupillaries on the outside of each Kittle sac, 
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Numerous nerves are also found, which, according to some observers, 
have ganglionic cell-connections in the gland substance, and send 
terminals into the gland-cells direct. 

Although this account of the nerve terminations in the secreting 
cells of other glands has met with doubt, itis certain that in the lower 
animals nerve terminals have been traced into gland-cells, and upon 
physiological grounds, as will presently appear, we are forced to 
believe that a similar connection must exist in mammalia. 

The ducts are lined with ordinary cylindrical epithelium which 
does not appear to have any secreting function. All the glands are 
made up of numerous packets of lobules bound together in one mass. 





Fig. 62.—A dissection of the side ofstke tace, showing the Salty ary Glands. 


a. Sublingual gland. € 
b, Submaxillary glands with their ducts opening on the floor of the mouth beneath the 
tongue at (d). 


¢. Parotid gland and its duct, which opens on the mmner side of the cheek. 


Each of these lobules is itself a perfect sland, so that even the smaller 
mouth-glands are separable into lobules, and hence are called com- 
pound acinous glands. 

The mouth-glands are divided into two sets, which produce 
different kinds ef secretion :—{1.) Mucous glands, which secrete 
mucus, and (2.) Salivary glands, which produce watery saliva. The 
functional distinction is seldom alolute, for most salivary glands 
have a mixed secretion, and various gradations of the transition from 
purely salivary to purely mucous glands can be made out. 
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The proper mucous glands are small, varying in size from a pin’s 
head to a pea. They are found in groups under the mucous mem- 
brane in various parte of the mouth, and from their positions are 
called labial, buccal, &c. Their cells contain a clear muciginous 
substance. 

The great Salivary glands are the three large glands which are 
known as the parotid, submaxillary and sublingual. On account 
of their great size they form striking anatomical objects, being 
large masses of irregularly arranged glandular packets, which might 
be spoken of as lobes to distinguish them from the simaller packets 
or lobules. Their ducts are of considerable size, and have strong walls 
mace of dense fibrous tissue, containing many elastic fibres, and in 
one of them, the submaxillary, sinooth muscle tissue has been 
demonstrated. 

The parotid duct (Steno’s) opens into the mouth about the middle 
of the cheek just oppositd the second molar tooth. The submaxillary 
has also a sinule duct (Wharton’s) which opens beneath the tongue 
beside the frenum. The sublingual gland has several ducts, some of 
which open into that of the submaxillary, and others unite to enter 
the mouth beside Whafton’s duct. 

In different animals and in different glands of the same animal a 
variable amount of mucus is secreted by these glands, which, how- 
ever, are all called salivary, though the parotid alone deserves the 
name. 


gs 
THe CHARACTERS OF MIXED SALIVA. 
e 


The liquid in the mouth isa mixtuge of the secretion of the salivary 
glands as well as of the small purely mucous glands. 

It is a slightly turbid tasteless fluid of a distinctly alkaline reaction, 
of 1004—1008 specific gravity, and so tenacious that it can be drawn 
into threads, The &mount secreted by an adult human being during 
24 hours varies greatly according to circumstances, and has been 
variously estimated by different authors, by whom the wide limits 
of 200—2000 grms. (7—70 oz.) have been assigned as the daily 
amount. 

The saliva contains about 5 per cent. of solids.” Of these the 
greater part are organic ; namely, (1.) Mucin, from the submaxillary, 
sublingual, and small mucous glands, which can be precipitated by 
acetic acid. To this substance the viscidity of the saliva is due. 
(2.) Traces of albumin precipitable by concentrated nitric acid 

: H 
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and boiling. (3.) Traces of globulin, precipitated by carbonic acid. 
(4.) Ptyalin, a peculiar ferment. 

The inorganic constituents are salts, among which an inconstant 
amount of potassium sulpho-cyanate is found, a substance which does 
not exist in the blood. 

There are also many morphological elements, of these the majority 
are accidental, being the remains of food, &c. ; others are more or less 
characteristic ; namely, (1.) 
Salivary corpuscles which are 
rounded protoplasmic magses 
containing nuclei and coarse 
granules which show Brown- 
ian movements, (2.) Epithe- 
Jial scales from the surface of 
the mucous membrane of the 
moith. (3.) Various forms of 
protophyta, which propagate 
readily amid the decaying 
particles of food in the mouth. 


Fig. 63.—The form elements from mixed . } 
ailiva fran tip 00 tongue plowing But m® bacteria or other fungi 
large irregular scaly epithelial cells, (c) exist in the ducts of the glands 
round salivary corpuscles, several (4) or saliva taken from the ducts 


Pemeeset Sand) mbcrocneet with the necessary aseptic 
precautions. 

The ordinary miaed saliva may be easily collected by chewing 
some insoluble material, such as a bit of rubber tubing, and collecting 
the fluid which the motion*causes to be pofired into the mouth. 

The collection of the secretion of the different glands requires more 
delicate methods. It may beg collected separately by placing a 
canula in the duct of each gland. 

The parotid saliva obtained in this way is found to have no struc- 
tural elements nor mucus, fnd is a thin fluid dropping easily, and 
not capable of bemg drawn into threads, It cOntains some serum 
albumin and globulin, potassium sulpho-cyanate, and ptyalin. 
The portion first secreted is commonly acid, and it never becomes 
strongly alkaline. Its specific gravity is 1003—1004. On standing it 
becomes turbid from the precipitation of carbonate of lime, which 
existed as bicafbonate. 

The submaxillary secretion is more strongly alkaline than that of 
the parotid ; it contains structural elements and mucin, but is not so 
viscid as the general mouth-fluid. 

The sublingual is much more viscid than either of the others, and 
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is more strongly alkaline, and contains much mucus and many salivary 
corpuscles, 


THe Meruop or Secretion or Sariva.—Under ordinary cir- 
cumstances very little saliva is secreted, only sufficient being 
poured into the mouth to keep the surface moist. When, however, 
food is introduced into the mouth, and the process of mastication 
commences, the secretion goes on more or less rapidly, according to 
the stimulating or non-stimulating character of the food. 

The activity of a salivary gland is at once brought about by 
means of special nervous agencies when a stimulus is applied to 
the mouth. We know that the nervous mechanism with which 
we have here to do, is what is called u reflex act. The stimulus 
travelling from the surface of the mouth to the nerve centres is 
reflected thence to the glands. We speak, then, of afferent nerves, 
which carry the impulses towards the centre, and efferent verves, 
which carry them from the centre. 

If we review the ordinary circumstances giving rise to a flow of 
saliva, there will be n® difficulty in determining the nerves which 
act as the afferent channels in the simple reflex act. 

Stimulation of the mucous membrane of the tungue and mouth, 
whether chemically, as with irritating condiments, or mechanically, 
as by the motions of mastication, is generally transmitted to the 
centre bythe sensory branches of the fifth cranial nerve, which supply 
the mouth, and by the branches of the glussu-pharyngeal. 

The stimulus of the sénse of taste is® sent by the nerves of that 
sense, mainly the glosso-pharyngealto the taste centre in the cortex 
cerebri, and from thence to the secwting centre by means of inter- 
central fibres, 

The stimulating of the olfactory region with certain odours induces 
salivation through a channel of a similar kind passing along the 
olfactory nerve to tHe brain, and thence to the special salivary centre. 
Even in the absence of taste or smell, mental emotion may be excited 
by seeing or thinking of food, and muy cause activity of the salivary 
glands, here the inter-central channel is the only one occupied in 
bearing the impulse to the special secreting centre. 

Irritation of the gastric mucous membrune stimulates the salivary 
glands as may be seen with a yastric fistula, or by the sudden flow of 
saliva which commonly precedes vomiting. In this case the impulses 
are carried by the gastric branches of the vagus. 

The stimulation of the central end of the cut sciatic is said €0 cause 
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on increase in the flow of saliva, so that it would appear that even an 
ardinary sensory nerve can excite the centre to action. Lastly, 
many drugs, when introduced into the blood, cause a flow of saliva, 
among these are pilocarpin, physostigma, and curara, while atropia 
and some others, on the other hand, check the action of the glands, 
From this we learn that the nerve centre, controlling the activity 





Fig. 64.—Diagram of Nerves of the Sybmaxillary Gland. The dark lines show the 
course of the nerves going to the gland. ‘ 


(vu.) Portio dura; (v.)Inferior “maxillary division of the fifth cranial nerve ; 
(a) Submaxillary ganglion; (s) Sympathetac round facial artery (a); 
ganglion. 


aS) Ruperae cmmrae! 


of the salivary glands, may receive impulses‘ from many distant 
and diverse nervous sources, or may be influenced directly by the 
quality of the blood flowing through the special nerve centre itself. 

The channels traversed by the efferent impulses going to the 
salivary glands have been demonstrated by experiment, In the case 
of the submaxillary, the route is especially distinct and instructive, so 
that from this gland we obtain most of our knowledge concerning the 
direct influence of nerve impulses on the gland cells. This question, 
therefore, will be treated somewhat in detail. 

There are two sets of nerves going to the salivary glands, one 
belonging to the sympathetic and the other to the cerebro-spinal systems, 
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both of which have been proved to exert a certain amount of influ- 
ence on the action of the glands, the share taken by each apparently 
differing in different animals. 

The sympathetic branches for the submaxillary and sublingual 
gland come from the plexus which embraces the facial artery, those 
for the parotid come 
from the plexus sur- 
rounding the internal 
maxillary as that artery 
traverses the gland. 
Both of these nervous 
plexuses are derived 
from the superior cer- 
vical part of the sym- 
pathetic nerve. 

The cerebro -spinal ° 
fibres for the submax- 
illary and sublingual 
glands lie in the com- 
plex nerve known as th 
chorda-tympani, which 
comes from the portio 
dura of the seventh, and 
joins the lingual branch 
of the” fifth, They 
pass thence through is 
the submaxillary gan- 
vlion to thp glands. 

The cerebro - spinal 
parotid branches pass 
through the lesser su- Fig. 65.—Diagram of Nerves supplying the Parotid 
perficial petrosal nerve Gland. Thé dark lines indicate the course of the 


‘ f nerves of the gland. 
from the tympanic mee 


. At ’.) Inferior division of fifth nerve and its (a T) auri- 
plexus to the otic gang- ‘") 

; culo-temporal branch. 
lion, and thence to the (v1.) Portio rata 


‘wuriculo-temporal nerve (+. «. 6.) Superior cervical ganglion sending a branch 
which sends twigs to _—«® “He cavotid plexus around the artery. 
the gland. (Fig. 65.) : 

I.—The effects of experimental stimulation of the cerebro-spinal 
glandular branches, so far as we know are alike for all the glands. 
But owing to the greater facility with which the submaxillary 
gland can be reached and its nerve isolated, research has been chiefly 
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devoted to it, by operating on the chorda tympani and the other 
nerves supplying the gland. 

It haa been found that section of thie nerve, or of the portio dura 
near its origin, removes the possibility of exciting the glands to action 
by stimulating the mouth, so that the cerebro-spinal and not the 
sympathetic are the channels traversed by the reflected impulse on its 
way to the gland from its centre. 

The reflex stimuli which were supposed to be elicited through the 
medium of the submaxillary ganglion, probably depended on the 
escape of the stimulating electric current used, and the reflexion from 
8 sporadic ganglion, such as the submaxillary, has never been satis- 
factorily demonstrated. 

It has further been shown that direct stimulation of the chorda 
tympani nerve, although it be cut off from its central connections, 
causes & copious secretion of thin watery saliva, and this increased 
secretion is accompanied by a great dilatation of the small arteries 
going to the gland, so that a pulsation may be seen in the small 
veins, and the blood retains its bright arterial colour when leaving 
the organ. 

These two chief results of stimulation, actimty y of the secretuny cell» 
and rascular dilatation, are brought about by different nerve agencies, 
as appears from the action of atiopia which stops the secretion of 
saliva, but does not prevent the dilatation of the vessels on stimu- 
lation of the chorda tympani, from which we conclude that its effect 
is restricted to a mechanism engaged a in controlling the 
activity of the gland cell-. 

Stimulation of the chorda tympani causes the secretion to be carried 
on with great energy. The fluid Wa» found to enter the duct with a 
pressure equal to 200 m.m. (aboft & inches) of mercury, while the 
blood pressure in the carotid artery of the animal was only 112 m.m, 
(about 43 inches) mercury ; that,is to say, the force ly means of which 
secretion is driven outwards, is nearly twice as great as the pressure 
in the blood vessels in the gland. The secretion of saliva cannot 
then be a question of mere filtration, for if the physical agency— 
pressure—alone were acting, the saliva would be forced into the 
blood vesaels as soon as the pressure in tlie duct exceeded that in the 
vessels. 

The force and rate with which the secretion is produced vary with 
the strength of the stimulation. The flow of saliva steadily increases 
within certain limits as the stimulus gets stronger. It is not only 
the quantity of the secretion that depends on the amount of nerve 
impulse, bat also its quality; that is to say, with a fresh gland, not 
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wearied by previous experiment, the amount of solids in the saliva 
increases as the stimulus is increased, so that not only the activity of 
the gland cells is under the control of nerve influence, but the kind 
of work they perform is also regulated by the intensity of nerve 
impulse they receive. 

It has been found that the increase in the blood flow is secondary 
to the secretion called forth by stimulation of the chorda tympani. 
This is shown by the fact that even when the blood supply is cut 
off by any means (strong sympathetic stimulation, ligature of the 
vessels, or even decapitation) an amount of saliva can be made to 
flow from the yland which could not have been stored up in its cellx 
prior to the stimulation of this nerve. 

II.—With regard to the influence exerted by the sympathetic branches, 
the most obvious result of stimulation of these is a contraction in 
the arterioles, and a consequent diminution of the amount of blood 
flowing through the gland, The glands look pale, and the blood 
leaving them is intensely venous in character ; the exact opposite, in 
fact, to the result obtained by stimulation of the cerebro-spinal 
nerves. But the sympathetic has also an effect on the gland cells, as 
it produces an meatal flow of saliva. In the dog the secretion of 
““symputhetic saliva” is only temporary and scanty, having high 
specific gravity, and being overloaded with the solids. In the cat 
and rabbit “sympathetic saliva” is scanty, and not thicker than the 
“‘ chordapaliva” of the same animal. So far as regards the blood- 
vessels, then, the chorda is directly opposed to the sympathetic. 
To explain this antagongjsm we may either assume the existence of 
local nerve centres governing the muscular coats of the arterioles, 
and suppose that the sympathetic stimulates and the chorda inhibits 
the activity of these centres, or, %hat seems more simple, in the 
absence of anatomical evidence that such a centre exists, we may attri- 
bute to the arterial muscle cells themselves an automatic tonic power 
of contraction whigh can be increased by the sympathetic and dimi- 
nished by the chorda tympani. It is singular that if all the nerves 
leading to the gland be cut, after some hours a pretty copious watery 
secretion of saliva occurs and lasts for some weeks, after which the 
cells undergo atrophic changes, and the gland becomes reduced in 
nize. The explanation of the appearance of this so-called “ paralytic 
saliva” is not clearly made out. Possibly the removal of some 
trophic nerve-influences induces abnormal nutritive changes which 
cause stimulation of the cells, and ultimately lead to their dege- 
neration. 

The histological investigation of the elements of these flands in 
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the various stages of secretion throws considerable light on the 
behaviour of the cells during their periods of activity and rest. 





Fig. 66.—Sections of Orbital Gland of the Dog. (Heidenhain.) 
(a) After prolonged period of rest. (sp) After a period of activity. 
In (a) the secreting cells are clear, being swollen up with mucigen, and the half-moon 


cells are very distinct and darkly stained. 
In (s) the accumulated material has been discharged from the cells, and the alveoli 
are 


en, 


It is now certain that the different stazes are accompanied by 
constant structural changes in the cells, which doubtless are inti- 
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mately connected with secretory activity. During the period of 
rest, that is, the time when the gland is not discharging its secretion, 
the cells slowly undergo a change in their appearance, which is 
obvious in proportion to the ease with which the material they 
secrete is recognised in the protoplasm of a cell. Thus, in mucous 
glands, or in mucus-yielding salivary glands, the changes are con- 
spicuous ; whilst in those which give a watery secretion they are less 
easily seen. 

As an example we may take a mucous gland, such as the orbital 
gland of the dog, and follow the changes which occur in its cell from 
the time it ceases to discharge its function. (Fig. 66.) 

Immediately after the prolonged and active discharge of the secre- 
tion of the gland, the cells have all the characters of ordinary proto- 
plasmic units, and the distinction between the polygonal cells 
and those next the wall of the acinus (demi-lune cells) is made out 
with great difficulty, because all the cella stain evenly with carmine, 





Fig. 67,—Cells of the Alveofi of a Serous or Wiftery Salivary Gland. (Langley.) 


)) After rest. (n) After a short period of activity. 
(c) After prolonged period of activity. 


and have no special characters except those belonging to active pro- 
toplasm. 

During rest certain changes gradually appear in those gland-cells 
which are next the lumen of the saccule. They appear to swell 
towards the lumen, and at the same time become clear and resist 
staining with carmine, their grotoplasm becoming impregnated 
with mucus-like material (mucigen), while the demi-lune cells remain 
protoplasmic and stain easily, and are thereby readily distinguished 
from the cell in the cavity of the saccule. 

Now, if the discharze of secretion be called for, either by normal 
reflex excitation, or by direct stimulus of the chorda tympani nerve, 
the cells discharge the contained specific material, some of them most 
probably being destroyed by the act. If the active secretion be con- 
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tinued for’ some titme, the cells return to their former’ protoplasmic 
state, and the cells which have been worn out are replaced by others 
from the demi-lune or marginal cells. 

In the glands which dé not produce any mucus the brilliant look 

of the cells after rest is wanting, but a corresponding change occurs. 
The secreting protoplasm becomes extremely granular during the 
resting period, and again clear after the discharge of the secretion. 
(Fig. 67.) 
' Thus it would appear that during the so-called period of rest, when 
little or no fluid is poured into the duct, the gland-cells are busy at 
their manufacturing process, diligently adding to their stock in hand 
in order to be yeady for a sudden demand which they could not meet 
by merely concufrent work. 

To sum up, then, we may conclude :— 


I. That the manufacture of the specific materials of the secretion 
is accomplished as the result of the intrinsic power of the 
protoplasm of the gland cells. 

IJ. That a vital process is called forth in the gland cells by the 
action of nerve impulses, because—(1.) The force with 
which the secretion is expelled cannot be accounted for by 
the blood pressure. (2.) The quantity and quality of the 
secretion is modified by the intensity of the nerve stimula- 
tion. (3.) The temperature of the blood is raised. (4.) 
Structural changes in the cells can be observed. 

III. The normal stimulw: to secretion passes from the centre in 
the medulla oblongata to the salivary glands aTOng eerebro- 
spinal, not sympathetic, ery es, 

IV. This centre for salivary Secretion, which at sain times 
is moderately active, may be excited tu energetic action by 
impulses coming from taste, smell, and ordinary sensory 
nerve terminals (particularly in the mouéh), as well as by 
those which: emanate from mental emotions, 


CHANGES UNDERGONE BY THE FOOD IN THE MOUTH. 


Food when taken into the mouth undergoes two processes, which 
are inseparable and simultaneous in action ; viz., mustication and in- 
The mechanism of mastication has alrcady been discussed, so far 
as its tritwrating power is concerned. In its final object of forming 
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the subdivided food into a bolus which can be easily swallowéd, it is 
much aided by tnsalivation, particularly in chewing dry food ; and 
in this latter the moistening of the particles, sq as to make them 
adhere together, is the most necessary act of gaouth digestion, and is 
next in importance to the subdivision accomplished by the teeth. 
Moreover, the saliva covers the bolus with a coating of viscid fluid, 
so that it can more easily slip down the csophagus. Deglutition 
of solids is difficult during a scanty supply of saliva. 

Our food is generally composed of materials some of which -are 
soluble in water, and some are not. 

While in the mouth the saliva dissolves a great quantity of the 
more readily soluble materials, such as sugar and salt, which may be 
either mingled with the insoluble substances, and swallowed 
together with the bolus, or swallowed separately in a fluid form. 
Solution, then, is an impertant item in mouth-digestion. 

In many carnivorous animals the use of the mouth-fluid is chiefly 
mechanical, dissolving some insignificant part of the food, and aiding 
mastication and deglutition. In man, however, and other animals 
that make use of much} vegetable food, it has a chemical function, 
and acts on the insoluble starch, converting it into soluble sugar. 

The active principle which }nings about this change is Ptyalin. 
This is one of a series of ferments which exist in the body, and 
to which most of the chemical changes in digestion are due. Although 
each poggesses certain peculiaritics, yet as a group they may be 
described as effecting by their presence various alterations in the 
substances on which they act, while thew themselves do not undergo 
any perceptible change, and a small quantity will do as much work 
as a larger @tuntity if allowed a proportionately longer time. 

Ptyalin acts exclusively on oe and hence is spoken of as an 
amylolytic ferment, its action consisting in causing the starch to 
unite chemically with one molecule of water thus :— 

*C,H,,0,+ H,O = C,H,,0, 
Sturch. Cizape-rugur. 


During this process, which takes at the least a few minutes 
to complete, various stages can be detected : first, two substances 
are formed which together are commonly spoken of as dextrin ; 
one, erythro-dextrin, which gives a red colour with iodine, and 
easily passes into soluble sugar; and the other, achrovo-dextrin, 
gives no colour with iodine, and is with difficulty converted into 
sugar. As it gives no colour with the ordinary test, its presence is 
often overlooked. : 
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The sugar thus formed has been called Ptyalose, which, however, 
can be converted into ordinary grape sugar (glucose) by the action of 
sulphuric acid. Some say the product is all maltose. 

. The presence of starch, either in its soluble or insoluble form, is 
easily recognised by the blue colour given by free iodine, which 
colour disappears on heating to about 100° C., but reappears on 
cooling. 

Very many tests have been recommended for the detection of 
sugar. The most generally applicable one is Trommer’s, The liquid is 
made strongly alkaline with potash, and afew drops of a dilute solu- 
tion of cupric sulphate is added, a clear blue solution results, which, 
on being raised to the boiling point, deposits a yellow precipitate of 
cuprous oxide. Fehling’s and Pavy’s solutions are modifications of 
the above test adapted for quantitative analysis. 

When yeast is added to grape-sugar and placed in an inverted 
test-tube, the sugar is converted into alcohol and carbon dioxide. 
The latter rises to the top of the test-tube, and can be used as an 
indication of the quantity present. Experiments may be carried out 
with saliva obtained from any of the glands directly, but the mixture 
of the secretion of all is found to be more efficacious than that of any 
single one. The ordinary mouth-fiuid filtered serves well for ordinary 
experiment. 

An effective glycerine solution of ptyalin may be obtained by 
steeping chopped salivary glands in alcohol, and then extracting for 
some days with glycerine and water. 

The following facts must be borne ip mind concerning the 
amylolytic action of ptyalin : —_ 

c 


1. The extremely small amcant of the ferment required to make 
the fluid effective. 

2. There is no appreciable diminution in the amount of ferment, 

so that it cannot be said to be used up in the process. 

3. The action takes place most readily in alkaline solutions, such 
as the saliva, slowly in neutral solution, and not at all in 
acids of the strength of ‘2 per cent. of hydrochloric acid. 

4, Temperature has a marked effect on the process. Cold (0° C.), 
quite checks the action ; heat (75° C.) destroys the power of 
the ferment, which is must active at the body temperature 
(35°—40° C.). 

5. Strong acids or alkalies destroy the amylolytic power of 
ptyalin. 

6. Phe ferment has but little effect on raw starch, its cellulose 
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coating protecting it; but it acts rapidly on well-boiled 
starch. 

7. Ptyalin is more active in weak solutions, and seems to be 
impeded in its action by an accumulation of sugar. 


To recapitulate, we find that the following changes take place in 
the mouth :— 


(1) Solid food is or should be finely subdivided ; (2) dry food 
is moistened, (3) rolled into a bolus, (4) and lubricated ; 
(5) the soluble part is dissolved, and rendered capable of 
being tasted ; (6) and part of the starch is converted into 
soluble sugar by the action of a ferment called ptyalin. 


In the short time occupied by the passage of food through the 
cesophagus no special change takes place in it, so we may pass on at 
once to the gastric digestion, which will occupy the next chapter. 


CHAPTER VIII. 
STOMACH DIGESTION. 


THE general surface of the stomach is covered by a single layer of 
cylindrical epithelial cells which also line the orifices of the 
numerous glands with which the mucous membrane is thickly 





a. Orifices of glands with cylindrical 
thelium. 


». Fundus of glands with spherical and 


¢. Muscularis mucosz. 
d. Submucous tissue containing blood 


vemels, &c. 

¢. Cireular, (/) oblique, and (7) longi- 
tudinal muscle coats. 

kh. Scrous membrane. 


studded. This single layer of 
cylindrical cells is marked off 
from the stratified squamous 
cells lining the asophagus by 
a sharp line of demarcation. 
The glands of the stomach 
are tubes‘of which the orifices 
are conical depressions which 
divide into two or three tubular 
prolongations. The outlet or 
vrifice is covered by the common 
cylindrical epithelium of*the sur- 
face of the stomach, and the 
fundus 4s filled with specific 
eranular cells. The glands dip 
down into the delicate submucous 
tissue, the branchiny tubes lying 
parallel and exceedingly close 
together. Between them an in- 
jection demonstrates a dense net- 
work of capillary vessels which 
surrounds the tube and closely 
invests the delicate basement 
membrane which forms the boun- 
dary of the glands and the basis of 
attachment of the glandular cells, 


In the cardiac end of the stumach two distinct kinds of cells are 
found in the deeper part of the gland tubes. One kind, which 
is much fhe more numerous, consists of small pale spheroidal 
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cells, which occupies the lumen of the gland and forms the regular 
cell-lining of its cavity. These cells have been called the “chief 
cells” (Hauptzellen), or ‘‘ central spherordal cells,” 

The cells of the other form are comparatively few, being altogether 
wanting in some of the glands. They are larger and more striking 


af 
li a> 
k } 







Sf 

~ri¥ WAY 
men: BY: is 
neve Vv AR 
WALZ AN 
"LCE EB R 
” s i 
\AE } 
Og 

“ 


rag Ane gt 
Fy ye te Boiss 
" ~~? 
> ote! 09 


eX 
<> 


We 
xe 
4 


fo 





Fig 69 —Diagram showing the rlation of the ultimate twigs of the blood-vensels 
(v anda), and of the absorbent radicals to the glands of the stomach and the 
different kinds of epithelium, viz , ab-ye cylin Incal cells , small pale cells mn the 
lumen, outside which are the dark ovoid cells, 


than the central cells between which and the basement membrane 
they lie scattered kere and there over the fundus of the gland, making 
the delicate membrane bulge. They stain more easily, and have 
darker granules than the ccntial cells. On account of their position 
they have been callul “pantetal,” “marginal or border cells” 
(Belegzellen), and from their oval shape, which equally well 
distinguishes them from the other, “ oroud cells.” (See fig. 69). 

There is a different class of glands, the so-called mucous, found 
chiefly near the pyloric end of the stomach, in which there is 
but one kind of cell throughout, and this seems to differ in character 
from both the varieties in the other glands, resembling rather the 
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cylindrical epithelium covering the surface of the stomach and dip- 
ping into the conical orifices which lead to the glands, 

The difference between the two kinds of glands found in the 
stomach, both as regards their distribution and way of branching, and 
the cells which line the deeper parts of the tubes, is found to vary in 
different animals, The difficulty of obtaining fresh specimens of the 
human stomach makes it still uncertain whether the same differences 
exist in the human subject. The varieties of opinion and drawings 
published suggest that various stages of gradation from one kind of 
gland to another are met with in the stomach of even the same 
animal. 

Experimental research does not show decisively that the anatomical 
differences denote differences of function. 


Tae CHARACTERS OF GASTEIC JUICE. 


Tue gastric juice is a clear colourless fluid with strongly acid 
reaction. It contains ‘5 per cent. of solids, its specific gravity being 
1002. The amount secreted in the day is extremely variable, and 
depends upon the amount and character of the‘Tood ; in well-fed dogs 
it has been estimated to be one-tenth of the body weight. 


1. It contains, in man, about -2 per cent. of free hydrochloric acid, 
in the dog considerably more. The lactic, formic, butyric, 
and other acids which have been found in the gasteic juice 
probably depen on the uecumpostion of some of the 


ingesta. 

2. Pepsin, the specific re which gives the gastric juice 
its digestive qualities, is a nitrogenous ferment Which, with 
the foregoing acid, acts on proteids. About ‘3 per cent. is 
present in the secretion of the human stomach. It is 
probably associated with other less known fermenta, one 
of which curdles milk without the presence of uny acid. 

3. A variable quantity of mucus is found in the secretion of the 
stomach. 

4, It contains ‘2 per cent. of inorganic salts, chicfly chlorides of 
sodium, potassium and calcium. 


Mxrnop or Ostainine Gastric Secretion.—Formerly attempts 
were made to obtain gastric juice by oblizing a dog while fasting, to 
swallow a aponge, and withdrawing it when saturated with the gastric 
secretion ; or a fasting dog, allowed to swallow insoluble materials, was 
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killed, and the secretion produced was collected from the stomach. 
It is best obtained directly froma fistulougs opening in the abdominal 
wall communicating with the stomach. 

A gastric fistula was first made by accident. It was a case in 
which the surgical treatment of a gunshot wound of the stomach of 
a man left a permanent fistula, by means of which the gastric secre- 
tion was carefully investigated. Thus a man proved a valuable 
subject for experimental research. 

It is not a difficult matter to reach the stomach by making an arti- 
ficial opening through the wall of the abdomen, and, having brought 
the serous surface of the gastric wall into firm connection with the 
serous lining of the abdominal wall, to open the stomach. The 
juxtaposition of the parts as well as the patency of the fistula can 
be secured by a suitable tlanged cannula closed with a well- 
fittine cork. By removing the cork the gastric juice may be ob- 
tained in small quantities, and various kinds of food may be 
introduced through the cannula, and the changes occurring in them 
studied. 

For experimental purposes an artificial gastric Juice may be used. 
This can be made from the gastric mucous membrane of a deal 
animal (pig) by extracting the pepsin from the finely divided glan- 
cular membrane, with a weak acid (less than ‘2 per cent.), or better 
with a large quantity of glycerine, and subsequently adding HCl to 
the extent of +2 per cent. 

Mone or SEckeTiION.—The gastric juice is nut secreted in large 
quantity when the stomach is empty, bat only when the mucous 
Membrane is irritated with some chemical or mechanical stimulus. 
The swalloginy of alkaline saliva acts as a gentle stimulus and causes 
secretion, so that the surface of the*stumach becomes acid, When 
the lining membrane of the stomach is mechanically stimulated 
through a fistula it becomes red, and drops of secretion appear at 
the point of stimulation, but the amount of secretion thus produced 
is very scanty when compared with that called forth by chemical 
irritants, 

Thus ether, alcohol, and pungent condiments produce copious 
secretion. Weak alkaline solutiuns also cause secretion, but the most 
pertect form of stimulant seems to be the normal one, namely, a 
consistent mass of food saturated with the alkaline saliva. 

In all probability the secretion of the gastric juice is under the 
control of a special nerve mechanism, and the way in which the 
state of activity follows stimulation of the part seems to point to its 
being a simple reflex act. However the neryous connections (vayi 
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and splanchnics) between the stomach and central nervous system 
may all be severed without any marked effect on the secretion, other 
than that which would naturally follow the changes in the amount 
of blood supply, which of course is profoundly altered by cutting the 
vaso-motor nerves—the splanchnics, Whether this be so or not, 
there must be some connection with the nerve centres, for sudden 
emotions check the secretions, and the sensations caused by the sight 
or smell of food give rise to gastric secretion. 

It has been suggested that Meissner’s sub-mucous ganglionic net- 
work may act as a reflex centre and regulate the secretion. But since 
reflection from local ganglionic centres “has not yet been definitely de- 
monstrated, we are hardly entitled to assume that it occurs here, and 
since the stimulus comes into close contiguity with the secreting cells, 
it seems quite as probable that these elements are excited to activity 
by direct stimulation of their protoplasm, 

Asin the salivary glands, so in the gastric tubes, the cells show some 
structural changes which accompany with great regularity their periods 
of rest and activity, and therefore may be concluded to be the indi- 
cations of the internal processes belonging to the production of the 
specific materials of their secretion. 

It appears probable that the chief secretory activity resides in the 
small central cells, and not in the large ovoid border-cells, since no 
distinct chanyes can be seen in the Jatter, and the smaller gland cells 
seem to contain the pepsin, for if the mucous membrane be treate 
with weak hydrochloric acid, these central gland-cells are rapidly dis- 
solved by a process of digestion, while the border-cells simply swell 
up and become more transparent. So that the outer ovoid cells have 
no title to their former name of “ peptic cells.” 

The central cells of the gaStric glunds are finely granular, pale, 
protoplasmic masses, and continue so during the time when the 
stomach is empty and the glands not secreting. In the earlier stages 
of digestion these cells swell up and become, turbid and coarely 
granular, and stain more readily with the aniline dyes. As the dives- 
tive process goes on the cells again diminish in size, but are found to 
contain a large quantity of peculiar granules, which are discharged 
from the cell before its return to the ordinary state of rest. The 
cells are said to be rich in pepsin in proportion to their size; when 
swollen during active digestion they contain much pepein, when 

amall, during hunger, they contain but little. 

It would therefore appear that the pepsin of the yastric juice 
is produced as a distinct and new manufacture by the cen- 
tral cells of the peptic glands, and not by the other cells. Struc- 
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tural changes have also been followed out in the so-called mucous 
glands and in glands without any of the ovoid border-cells, which, 
taken with the fact that the alkaline secretion of the pyloric end 
of the stomach, where the mucous glands abound, is capable of rapidly 
digesting proteid if acil be added to it, tends to show that in these 
so-called mucous glands pepsin is also produced. 

The acid is found chiefly on the surface of the stomach. The mode 
of its production seems distinct from that of pepsin, but is not well 
understood. Although the deeper part of the glands do not give an 
acid reaction, while the neck and orifices of the gland are distinctly 
acid, there is good reason for believing that this manufacture of acid 
from the alkaline blvod is really an active process carried out by 
some glandular cells. 

It has been sugvested that the cell elements which produce the 
acid are the ovoid border-cells, from whence it rapidly passes to the 
orifice of the glands. This view is supported by the alkalinity of 
the pyloric end of, the stomach where the border cells are not found. 
In some animals the distinct distribution of the different cell 
elements and the accompanying reaction of the secretion are well 
marked. : 


ACTION OF THE GASTRIC JUICE. 


The gastric juice has in the absence of mucus no effect on the 
carbohydrates, and probably the amylolytic fermentation set up by 
the saliva is impeded, if not completely checked, by the free acid in 
the stomagh. 7 

The gastric juice has no effect dh pure fats, but it dissolves the 
proteid frame-work of adipose tissue and thus sets the fats free, 
which are then turned by heat to a liquid mass like oil, Upon 
the albuminous lypdies the gastric digestion produces a marked 
effect. The proteids being colloid bodies cannot pass through an 
animal membrane by the process called dialysix ; it has therefore 
been assumed that they cannot be absorbed through the lining 
membrane of the stomach. They are also often eaten in an insoluble 
form. To convert the insoluble and indiffusible allbumins into a 
soluble and diffusable substance would obviously be a great step 
towards their absorption. This power is ascribed to the gastric 
juice. The steps of the process may be accurately followed in a 
suitable glass vessel, irrespective of the stomach, by using artificial 
gastric juice, and attending to the various copditions necesssty for its 

12 
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action, The power of artificial gastric juice carefully prepared from 
the mucous membrane of an animal’s stomach differs in no essential 
respect from that of the natural secretion in the stomach, if all 
the circumstances which aid the action of the gastric ferments be 
applied in the experiment. This action consists in a conversion of 
coagulated albumins into the peculiar soluble and diffusible form of 
proteid known as “ peptones.” 

The chanve is not effected immediately, but certain stages may be 
recognised in which the two chief constituents of the gastric juice, 
the acid andthe pepsin, seem to have a separate action. 

Shortly after the introduction of a proteid, such as boiled fibrin, into 
gastric fluid at the temperature of the body, the masses of fibrin swell 
up, become transparent and eventually are easily shaken to pieces 
and «lissolved. 

The first step in the process seems to be hyought about by the free 
acid, and consists in the formation of acid albumin, This can be 
shown by neutralizing the fluid during the process and thereby 
causing a precipitate of acid albumin (v. p. 39). The amount of this 
precipitate will depend upon how far the conyersion into peptone— 
which is not precipitated by neutralization—has progressed, Thus, 
in the earlier stages, nearly all the proteid used will be thrown down 
by neutralization, while only a comparatively »inall amount is preci- 
pitated in the later stages. 

The formation of acid albumin may be effected with acid alone 
without the other constituents of the gastric juice, and therefore the 
preliminary step may be attyibuted to the upaided action of the acid ; 
but since this stage in the formation of peptone is constant, and the 
material may possibly be distinguishable from the ordinary acid 
albumin, it has been called paraBeptone. 

While the parapeptone is being formed by the acid, the pepsin is 
engaged in changing it into the final soluble, diffusible and un- 
coagulable product—peptone. The pepsin by ityelf cannot convert 
proteid into peptone, as may be seen in the want of efficacy of a 
neutral solution of pepsin, in which neither peptone nor parapeptone 
is formed. In other words, pepsin solution can only change parapep- 
tone or acid albumin into peptone. It would appear probable, how- 
ever, that it possesses this property to an unlimited extent, since it 
undergoes no change itself, and with fresh supplies of acid a very 
minute quantity of pepsin can convert an indefinite amount of 
proteid into peptone. 

The rapidity with which proteid is converted varies according to 
the circumstances undex which it is placed as well as the kind of 
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proteid used. If the same proteid be used the following circum- 
stances will be found to influence the rapidity of the process :— 


1. The temperature. As already stated, the optimum degree of 

heat for the change is about that of the body, 30° F.—40° C. 

The activity of the gastric juice diminishes when the 
temperature either rises above or falls below this standard. 
The minimum at which it is capalle of action at all is about 
1°C, and the maximum is about 90° C. Boiling permanently 
destroys the function of pepsin. 

2. The percentage of acid as well as the kind of acid has a marked 
effect. Though the action will go on with other acids, Hydro- 
chloric is the most effective, and that of a strength of ‘2 per 
celt. 

3. Large quantities,of salts in solution or a condensed solution 
of peptone impede the process, a certain degree of dilution 
being necessary for the process. In strong solutions of pro- 
teid, the peptones must be removed by dialysis in order 
to allow of the continuance of the action. This oceurs in 
the stomach by means of the blood and absorbent vessels. 

4+. The degree of subdivision to which the proteid has been 
subjected materially influences the rapidity of its conversion 
into peptone. The more finely subdivided the substance 

» the greater will be the relative catent of surface exposed to 
the action of the digestive fluids, When large masses are 
introduced intg the stomach, the gastric fluid cannot reach 
the central portions, and their digestion must await the 
e@ompletion of that of the @xterior part. 

5. Motion aids the action of tRe foregoing factors. 


All these requisites are found in the normal act of digestion. 
The temperature of the stomach is 38? to 39° C. (= 100° F.). Hydro- 
chloric acid is present in the proportion of about °2 per cent. : as 
quickly as the peptones are formed they can be removed by absorption 
from the stomach, and thus the needful dilution is accomplished : 
and finally, if the mouth has done its duty, the pieces of proteid 
have been reduced to a pulp, composed of minute particles ; these 
are kept in constant motion by the gastric walls, and thus are 
repeatedly brought in contact with fresh supplies of the digestive 
fluid. 

There can be little doubt that the conversion of proteid into 
peptone is normally brought about by the pepsin, whicle acts as a 
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ferment, in some way or other facilitating a procers which without 
it is extremely difficult to accomplish. Proteids may, however, give 
rise to peptone without the presence of any pepsin at all, if they be 
treated with strong acids, alkalies, boiling under high pressure, 
putrefactive and other fermentative actions. This, together with the 
analogy suggested by the chemical details of the amylolytic action of 
saliva, which one may say depends on an atom of water being taken 
up, suggests that the change of proteid into peptone is also hydrolytic, 
the peptones being simply an extremely hydrated form of proteid.* 
So far we have found that the action of the gastric juice affects 
proteids alone, Its action on other constituents of food varies. 
Gelatinous material is dissolved by the gastric digestion and 
rendered incapable of forming a jelly ; its conversion into peptone 
has, however, not been established. The connective tissue of meat is 
therefore s.0n removed, and the musele fibges fall asunder, the sar- 
cvlemma is dissolved, and the muscle substance is converted into true 
peptone. The delicate sheets of elastic ti-sue, such as basement 
membranes and those of small vessels, are dissolved, but larger masses 
of yellow elastic tissue are not affected by the gastric digestion. The 
horny part of the epidermis, hairs, &¢c., are quite unaltered, and 
also the mucus, which passes along the alimentary tract without 
change. Bone dissolves slowly, the animal part being attacked at 
the surface by the gastric juice and the acid slowly removing the salts. 
The action of the gastric juice on mk is peculiar. On reaching 
the stumach milk is curdled by a special ferment formed in the 
gastric mucous membrane.e This is known as ‘ Rennet,” which 
is made from the stomach of the ¢alf, aud used in the manufacture 
of cheese. The precipitation of ghe Casein (alkali album), which 
gives rise to the curdling of the milk, is not brought about by the 
hydrochloric acid (although the acidity would be sufficient cause), 
because neutralized gastric juice has the same effect. It appears 
that a special ferment (not pepsin) which directlyeaffects the casein 
and causes its coagulation, must exist. It is uot due to common 
lactic ferment, for though lactic acid is produced, it is formed too 
slowly to account fur the very rapid coagulation of milk which occurs 


in the stomach. 


* Though proteids will not diffuse through a dead animal-membrane when distilled 
water is used, a fair amount of diffusion takes place if a suitable solution of common 
salt be employed instead of water. It must also he remembered that the gastric 
mucous membrane is a living active structure, and that the fluid into which the 
albumins have to diffuse may be regarded as a salt solution. It is therefore quite pro- 
bable that a considerable quantity of albumin may be absorbed as such. The fact that 
peptone canilot be found in any quantity in chyle or portal blood tends to prove that 
the albumin does pass through the stomach wall without being changed into peptone. 
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The gastric juice has little effect on vegetable food in general, 
though well-masticated bread may be very materially altered, owing 
to the action of the saliva on the starch continuing until the mass is 
broken up, and the gastric juice then dissolving the proteids (gluten), 
The greater part of the substance of bread, however, leaves the 
stomach in an imperfectly digested state. 

In short, the amount of change which any given form of food will 
undergo in the stomach will depend on the amount and exposed con- 
dition of the proteid it contains. 

In recapitulating the chief events of gastric digestion, if must be 
remembered that while the food is yet in the mouth the secretion of 
the gastric juice commences, and is greatly increased by the arrival 
of a bolus of food and a quantity of frothy alkaline saliva. As the 
stomach is filled, more and more secretion is produced, and as some 
food is absorbed an additional stimulus is applicd. Being kept in 
motion ina large quantity of liquid which dissolves the cases in which 
the food particles are contained, the bolus of food soon falls asunder 
and each of its ingredients is fully exposed to the action of the 
gastric juice. The ‘acid reaction of the gastric fluid neutralizes the 
alkalinity of the saliva, so that the action of the ptyalin is hindered, 
and the starch granules float about quite unaffected by the pepsin or 
hydrochloric acid, The heat of the stomach melts the fats, and the 
motion breaks up the oily fluid into smaller masse, They are then 
mingled with the general fluid, which becomes more and more turbid 
owing to the admixture of starch granules, fat lobules, dissolved 
parapeptones » and ininyte particles of partially digested proteids, 
This dull grey turbid fluid is called chynte. The pr oteids (which class 
of food-stgfls are most profoundly affected by the gastric digestion) 
are changed more or less rapidly aceording as their particles are small 
and uncovered, or large and massed together, so that they are more 
oY less readily reached by the gastiic juice, and also in proportion to 
the facility with which they form acid albumin, The chyme contains 
but little peptone, so that we may conclude that, when formed, it is 
rapidly absorbed as are also the suluble sugar and ordinary fluids taken 
with the fuud. The chyme begins to leave the pylorus soun after gastric 
dizestion has begun, some passing into the duodenum in about half 
an hour. The materials which resist the gastric secretion, or are 
affected very slowly by it, are retained many hours in the stomach, 
and the pylorus may refuse exit to such materials for an indefinite 
time, so that after causing much uneasiness they are finally removed 
by vomiting. However, many sulid masses, un-chewed vegetables, &e. , 
escape through the py lorus when it opens to let out the chyane. 


CHAPTER IX. 


PANCREATIC JUICE. 


SEconND only to the stomach in importance as a digestive cavity, 
is the duodenum, into which the copious secretion of two of the 
largest glands of the body— ee poe and the liver — is 
poured. 

The pancreas is a large seaapoud sacculated or acinous gland, 
being composed of numerous irregular packets of gland tissue attached 
by its lateral branchlets to the main central duct. The saccules are 
rather elongated, but have the same gencral construction as those of the 
serous salivary glands already described. A single layer of irregular 
or slightly conical cylindrical cells in the saccule, shows a difference 
of structure in its central and peripheral sides, so that an external or 
homogeneous zone, and an internal granular zone may be distinguished. 
Each zone corresponds to one half of the cells, the clear half being next 
the boundary, and the granular half next the lumen of the saccule. 
The relative width of these anes varies witlf the dige-tive process, so 
that the nuclei which are situate. between them sometimes appear 
to be in the outer clear zone, ang sometimes in the inner* granular 
zone. The outer zone colours readily with cannine, whilst the inner 
zone remains unstained. 

The large duct which passes down the axis of the gland, receiving 
tributaries on all sides, is surrounded with a layer éf loose connective 
tissue which forms an outer cuat. The proper coat of the duct is 
composed of elastic tissue, lined by a single flayer of cylindrical 
epithelium. 


COLLECTION OF PascreEaTIc JvIce.—From a temporary fistula the 
secretion of the pancreas can be obtained in sutticient quantity to 
determine its character and properties. A permanent fistula is esta- 
blished with difficulty, and the secretion soon alters its characters, 
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becoming thin and losing its efficacy, most probably being altered by 
an abnormal state of the gland. 

An artificial pancreatic juice may be extracted by water from the 
minced gland taken a few hours after death from an animal which 
has been killed during active digestion (a couple of hours after 
eating). This extract, used with proper precautions, will have the 
same effect as the secretion itself. 

A glycerine solution containing the active principles of the pan- 
creatic secretion may also be made from the pancreas of a dead 
animal by treating the minced gland for a couple of days with 
absolute alcohol, removing the alcohol, and substituting sufficient 
glycerine to cover it, in which it should remain a week or so. This 
extract, filtered, contains but little else than pancreatic ferments. 


CHARACTERS OF THE SECRETION.—The pancreatic juice is a very 
thick transparent, colourless, strongly alkaline fluid, which turns to 
a jelly if cooled to 0° C. It often contains about ten per cent. of solids 
when obtained from a temporary fistula, but it may have as little as 
two per cent. 

Of these a considerable proportion are organic, namely :— 


1. Albumin which is coagulated by boiling. 

2. Alkali albumin, precipitated by acetic acid cr by adding 
emaynesium sulphate to saturation. 

. Leucin and tyrosin. 

. Fats and soaps. ® ® 

. Salts, particularly sodinm cerbonate, which makes it alkaline. 

. Tiftee ferments, to which it qwes its specific action on the food- 

stuffs. 


cob 


Move oF SEcRgTION.—The pancreas dves not continue in a state 
of activity during the interval between the periods of active digestion. 
When the gland is at rest it is of a pale yellow colour and is flaccid, but 
during active digestion it becomes more turgid, and assumes a pinkish 
colour from the increased flow of blood. The secretion commences 
immediately after taking food, und rises rapidly for a couple of hours, 
then falls and rises ayain in the later hours of digestion, five to seven 
hours after a meal ; then it gradually falls for eight to ten hours, and 
ceases completely when digestion isat anend. The first rise which 
accompanies the introduction of food into the stomach, is certainly 
brought about by nervous agencies of a simiJar nature to that of the 
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stomach, the secretion of which follows closely upon mastication. The 
second accompanies the passage of the undigested food through the 
small intestines, and may also be most conveniently explained as the 
result of reflex nervous stimulation of the gland celle. 

The great complexity of the nerve distribution to the glands of the 
intestinal tract makes it difficult to ascertain the exact channels 
traversed by the afferent and efferent impulses. The following obser- 
vations, if accurate, would tend to prove that certain inhibitory 
impulses pass from the stomach along the vagus to the medulla, and 
are thence reflected to the gland by its vaso-motor nerves. During 
vomiting, or when the central end of the divided vagus is stimu- 
lated, the secretion of the pancreas ceases. Section of the nerves 
which surround the blood vessels distributed to the pancreas causes 
considerable (paralytic) flow of secretion which stimulation of the 
vagus cannot check. 

No nerve channels have been ‘letiountated to carry exciting 
impulses direct to the glands, as the chorda tympani docs to the sub- 
maxillary ; but the direct stimulation of the gland itself, or of the 
medulla oblongata, is suid to induce activity of the gland. 

During the period of rest of the pancreas, 7.¢., when the alimentary 
tract is not in activity, no secretion flowing from the duct and the 
vland being pale, the gland cells in the acini undergo a change 
which may be compared with that observed in the cells of the serous 
salivary glands. The division of the row of cells lining the 
acinus, into a central =a and outer zone, has already been 
mentioned. 

Immediately after very active gecretion, this central granular zone 
is reduced to a minimum owing to the paucity of grawciles ; and 
the outer zone occupies the greatef part of the cell, the entire substance 
of which stains readily and looks like ordinary protoplasm, After rest, 
huwever, the granules re-appear, and after the lapse of a short « juicecent 
period, the inner granular zone has again encrogched on the vuter, 
owing to the accumulation of granules which, rapidly increasing, fill 
the greater part of the cella, and cause them to bulge inwards and 
occlude the lumen of the gland. When digestion commences, the 
celle undergo a slight change in form, a0 that each individual cell is 
more distinctly seen, and its angles are retracted, giving a notched 
appearance to the margin of the acinus. The blood supply 
during this period is much increased, red arterial blood flowing from 
the veinlets of the gland. At the same time the granules are dimin- 
ished in number, escaping at the free central margin of the cells 
into the lumen towards which they appear to crowd, leaving the outer 
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zone once more clear and free from granules, while the lumen of the 
saccule and of the ducts are filled with secretion. 

Let us then examine a single cell; during the period of rest 
with a comparatively poor supply of blood, the cell receives its 





Fig. 70.—One Saccule of the Pancreas of the Rabbit in different states of activity. 


A. After a period of rest, in wiich case the outlines of the cells are indistinct, and the 
inner zone, i.e., the part of the cells (a) next the lumen (c), is broad and filled 
with fine granules. 

p. After the gland has poured out its secretion, when the cell outlines (@) are clearer, 
the granular zone (a) is smaller, and the clear outer zone 1s wider. (Kiihne 
and Lea.) 


e 
normal nutrition, which is accompanied by an accumulation of 
granules in the protoplasm next the freegside of the cell. Dumng 
secretion these granules are pushed gut of the cell, and seem in some 
way to for the gecretion. 

It will be seen immediately that one of the most important func- 
tions of the pancreatic juice is the formation of peptone from proteid, 
which operation is carried out by a special ferment called trypsin. It 
has been found thatethis ferment can only be obtained from the active 
pancreas, and that the wider the inner granular zone of the cells is, 
the richer in ferment is the glycerine extract made from the gland. 
But it has also been found that if a glycerine extract be rapidly made 
from an actively secreting absolutely fresh gland, 4.¢, removed from 
the dead animal while still warm, the extract is found to be quite inert 
towards proteids, while an extract made from a portion of the same 
pancreas which has been kept some hours after death is very active ; 
and a portion of the fresh pancreas pounded in a mortar with a little 
weak acid so as to develop the trypsin in it, acts in an alkaline solu- 
tion and forms peptone energetically. ° 
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We must therefore conclude that the special proteolytic ferment of 
the pancreas does not exist prior to the period at which the secretion 
is poured out from the gland cells, 

Although a definite relation seems to exist between the amount of 
granules in the active cells and the degree of efficacy of the secretion, 
the ferment does not appear in full force for some time after that the 
height of the gland activity has been established, and it is likely that 
the presente of an acid helps in the birth of the ferment, 

It has therefore been assumed that the granules of the gland cells 
give rise, not to the proteolytic ferment, but to a ferment-producing 
substance which is called Zymogen. 

So that if we trace the history of the pancreatic proteolytic ferment, 
we shall find that, so far as this trypsin is concerned, there can be no 
question a3 to whether it pre-exists in the blood and is removed 
thence by the gland or not, because by studying the process we find that 
the final elaboration of the secretion takes place after it has got into the 
ducts or the intestinal cavity. Thus the blood gives to the protoplasm 
of the gland-cells nutriment. The protoplasm of the cells, by it» 
intrinsic chemical processes, manufactures peculiar granules. These 
granules give rise among other things to Zymogen, which in the 
presence of an acid begets trypsin. 


Pancreatic Diaestion.—The pancreatic juice is, of all the diges- 
tive fluids the most general solvent. It acts upon the three great 
classes of food-stufis which require modificgtion to enable them to pass 
through the barrier that intervenes between the intestinal cavity and 
the blood current. It changes “proteids into peptones, it profoundly 
modifies fatty substances, ondé converts starch into svoluble sugar, 
The ferments to which its activity is due may be separately 


described. 


I. Action of pancreatic juice on proterds.—The ferment which pro- 
duces peptones is trypsin. Some of the coulitions required for its 
perfect operation are the same as those necessary for the action of the 
gastric ferment pepsin ; namely, a certain degree of dilution, and a tem- 
perature of about 40°C. But it differs from pepsin in the most impor- 
tant characteristic of its action. Whilst the presence of an acid is abso- 
lutely necessary for peptic proteolysis, we find that an alkaline reaction 
is required for this action of the pancreatic ferment, and as the peptic 
peptone has to pass through preliminary stages in which it closely 
resembles acid albumin, so the tryptic peptone is first produced from 
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alkedi-albwmin, which has been formed as a preliminary atep by the 
alkali of the pancreatic juice, The addition of the sodium carbonate 
aids the action, and indeed seems to play a part which closely 
corresponds to that taken by the hydrochloric acid in gastric digestion. 

The change to alkali albumin and peptone as accomplished by 
the trypsin, is not accompanied by any swelling of the albumin such 
as occurs in the formation of the acid albumin in the stomach, but 
the proteid is gradually eroded from the surface and thus diminished 
in size. 

Moreover, the alkali albumin is not made directly into peptone, but 
passes through a stage in which it resembles globulin, and is soluble 
in solutions of sodium chloride. 

Besides these differences between the mode of action of pepsin 
and trypsin in producing peptones, trypsin has a peculiar power 
upon proteids, which has no analogue in the peptic action. While 
the pancreatic peptone is being produced, a further change occurs, 
which gives rise to the formation of two crystallizable nitrogenous 
bodies known as leucin and tyrosin, the former belonging to the fatty 
acid, and the latter to the aromatic acid group. These substances, 
which are commonly found together as a result of the decomposition 
of peptones, seem inseparable from pancreatic digestion, and increase 
in amount towards the later stages of the action. 

The amount of peptone produced reaches 2 maximum in about four 
hours, after which the proportion of the different unknown decom- 
position products appears to increase at the expense of the peptone, 
Among these substances ust be named tnol and skatol, the materials 
from which the process of pancreatic digestion derives its peculiar 
odour. » 

This breaking up of the surplus proteid food into bodies which 
cannot be of much utility in the economy, and which, as will appear 
hereafter (compare p. 350), are but a step in the direction of their 
elimination, is prolably an important part of the pancreatic function, 
as it relieves the economy of a surcharge of albuminous substances, 

Small quantities of phenol are also found in conjunction with the 
above. 


II. Action on Fat.—The action of the pancreatic juice on fats is of 
two kinds. (I.) Saponification.—By the action of a special ferment 
(steopsin) the neutral fats are split up into glycerine and their cor- 
responding fatty acids. The acids thus formed readily unite with the 
alkali present, and thus form soap. The chemistry of the change 
will be found at p, 48, and may be thus shortly stated, taking olein 
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as anexample, Olcin isa compound of oleic acid and glycerine. Olein 
in presence of ferment and soda gives glycerine and oleic acid, and the 
latter combines with soda to form soap. This process materially aids 
in the next. (II.) Emulsification—Which means that the fat is 
reduced toa state of very fine sub-division, as it existsin milk, The 
production ef this condition is facilitated by (1), the quantity of 
albumin in solution ; (2), the alkalinity of the fluid ; (3), the presence 
of soap alluded to above ; and (4), the motion of the intestines, 


IIL, Action on Starch.—This action of the pancreatic juice seems 
to depend on a separate ferment (Amylopsin), and with the exception 
that it is much more rapid and energetic, and is said to affect raw as 
well as boiled starch, its action seems to be identical with that of the 
saliva. This power is found to exist in the extract of the gland, 
whether it has been removed from a fasting or from a recently fed 
animal, and therefore does not depend ‘on whether the gland is 
engaged in active secretion or not. 


CHAPTER X. 


BILE, 


Tue liver has two chief functions, which are so distinct in their 
ultimate object that they may be conveniently described separately, 
although we are not aware that any natural distinction exists in the 
manner of their performance. One is mainly excrementitious, namely, 
the secretion of bile,* which belongs to the fluids connected with 





Fig. 71.—Section of the Liver of the Newt, in which the bile ducts have been injected, 
and can be scen to form a network of fine capillaries around the liver cells, the 
outlines and nutlei uf which can be seen. 


digestion, and therefore naturally falls into this chapter. The other is 
purely nutritive, consisting in the formation of glycogen. The glyco- 
genic function of the liver is of the first importance in the elaboration 
of the blood, and will therefore be reserved for the chapter on that 
subject. 


* Probably aleo the manufacture of urea should be mentioned here, for there is no 


doubt, as will be seen later on, that the liver has an important share in producing this 
substance, ° 
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Among the most striking anatomical peculiarities of the liver are : 
(1) The gall bladder is its receptacle for storing the secretion until it 
is required. (2) It has a double supply of blood. Besides that 
coming from the spleen, pancreas and intestinal canal, collected by 
the tributaries of the great portal vein, and distributed by its branches 
to the liver, it receives by the hepatic artery o small supply of fresh 
arterial blood. (3) A beautiful network is furmed by the minute 
ducts (bile capillaries) which freely anastomose between the cells. 
(4) Although in the embryo, and in many animals throughout 
their adult life, the liver is a compound saccular gland, yet the 
relation of the duct radicles to the saccules is so modified in the 
higher animal and man, that the analogy is no longer apparent, and 
the structural arrangement is best understood hy following its 
vascular groundwork. 


STRUCTURE OF THE LIVER.—On the surface of the liver are seen 
emall rounded markings about the size of a pin’s head, which give 
the organ a peculiar mottled appearance. Thig is much more striking 
in some animals (giraffe, bear, pig) than others, but easily recognizable 
in the livers of all mammalia. These little areas mark out the lobules of 
the liver. They are surrounded by a dark red boundary, and their 
centre is marked by a dark spot, between which there is a paler 
yellowish zone. The dark parts correspond to the blood-vesgels, and 
have a constant relation to the lobules. 

The entire liver is made up of these little lobules, and each one of 
them has the same construction, and blood supply, and therefore 
forms in itself a little liver perfect in all its structural arrat.gements, 
so that the description of one such unit will suffice to give an idea of 
the structure of the liver. For other details, anatomical works must 
be referred to. 

The branches of the large portal vein and those of the small 
hepatic artery pursue the same course through the gland, and are 
enclosed in a sheath of connective tissue, which also furms the bed of 
the hepatic duct and its numerous tributaries. If these branching 
vessels be followed to their final ramifications, they are found to pass 
around and between the neighbouring lobules. The branches of the 
portal vein in this situation receive the name of the interlobular veins. 
They anastomose freely with the terminal veinlets in the vicinity, so 
as to form a network round each lobule, From this a number of 
capillary yessels pass into the lobule, and, lying between the gland- 
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cells form a network with long meshes radiating from the centre like 
the threads of a spider’s web. These are the lobular blood capillaries. 
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Fig. 72.—Section of Lobule of Liver of Rabbit in which the blood and bile capillarics 
have been injected. (Cadiat.) 


6. Intralobular vein. b. Interlobular 
c. Biliary canals beginning in fine capillaries. 


The vessels of this radiated capillary network become larger as they 
unite and converge to the centre of the lobule, where they open into 
a central vein which lies in immediate apposition with the gland 


cells. Thia vein is called the intralobular ogin, and is the radicle of 
K 
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the efferent or hepatic vein, which carries the blood of the liver to 
the inferior vena cava. 

The ultimate ramifications of the hepatic artery can be traced to 
various destinations. Some go to the wells of the accompanying vein 
ond duct, ast to the connective tissue which surrounds these vessels. 
Many of the arterial capillaries unite with offshoots from the inter- 
lobular venous plexus and thus re-inforce the lobular capillaries. 
Other branches form an interlobular capillary plexus, which flows 
into the interlobular branches of the vena porta, together with those 
from the walls of the vein and duct. 

The blood flowing to the liver in the large vena Sader eae the aaron 

ic artery, is thus conducted by those vesee e boundaries 
er between the lobules 
(interlobular veins), 
and thence streams 
through the con- 
verging lobular ca- 
pillaries to the intra- 
lobular vein, and is 
collected from the 
latter by the sub- 
lobular tributaries 
of the hepatic vein, 
by which it is con- 
ducted back to the 
general circulation, 
and enters the heart 
by the inferior vena 
cava, 

Tightly packed 
between the meshes 
of the Jobular capil- 
laries are the gland 
cells, These are large, soft polyhedral cells, with one, two, or even 
more nuclei, and no trace of limiting membrane. Owing to the 
shape of the capillary meshes the cells are placed in rows radiating 
from the centre of the lobule towards the periphery. 

The capillary meshes are said to pass along the angles and edger of 
these cell blocks go as not to come into close relation to the amaller 
channels or bile capillaries about to be described (Fig. 71). The finely 
granular protoplasm of the liver cells is capable of undergoing some 
slight change in form while alive. In the protoplasm are commonly 
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situated varieties of granules, the commonest being bright refracting 
fat globules, which vary in amount with the different stages of 
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Fig, 4.—Section af the liver showing the relation of the branches ( Hy Res of 
the radicles of the hepatic veins (nv) to the lobules. w is a portion of the same 
highly magnified. (a) Liver cell with () nucleus; (2) Blood capillaries cut -—-— 

along angles of cells; (c) Bile capillaries between flattened sides of cells, 


Huxley.) 
digestion, others of a yellow colour, seem connected with the colouring 
matter of the bile, and a third variety, less refracting and cglourlers, 


is said to be related to the glycogen. ° 
kK 2 
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Between the cells of the lobules there oan be demonstrated very 
fine straight anastomosing canals, which appear to be formed by the 
juxtaposition of grooves which lie in the middle of the flat surface of 
two neighbouring cells, Every liver cell is related to such a canal, 





Fig. 75.—Section of the Liver of the Newt, in which the bile ducts have been injected, 
and can be seen to form a network of fine capillari& around the liver cells, the 
outlines and nuclei of which can be seen, 


and consequently a very dense network with peculiarly reenlar 
polygonal meshes is present, each mesh corresponding in size tv one 
cell. e 

These fine intercellular canals are called lobular bile capillaries, and 
must not be confounded with lobular blood capillaries, the diameter 
of which is about ten times as great as the former, and which have u 
definite boundary wall, whilst the bile capillaries have™o other 
boundary than the substance of the liver cell, and therefore are not 
really vessels. 

These fine intercellular bile passages are described as communicat- 
ing with the interlobular ducts directly opening into the ducts 
without any marked increase in the size or change of arrangement. 
The interlobular ducts which follow the course of the artery and 
portal vein are composed of a delicate basement membrane lined 
with a thin Jayer of epithelium which in the larger vessels shows a 
cylindrical character. The larger bile ducts have a firm fibro-clastic 
eoat lined with a definite mucous membrane covered with cylindrical 
epithelium lying upon a vascular submucosa, in which are scattered 
numerous glands of saccular form. 

The amount of connective tissue in the liver of man and most 
domestic animals is very*small, but in the pig, bear, giraffe, and some 
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others, it is easily recognised around the lobules, sending delicate 
supporting processes between the cells of the lobules. It passes into 
the organ with the portal system of vessels forming a loose sheath 
derived from the capsule of Glisson, and is distributed with the sub- 
divisions of those vessels to the various parts of the gland. 

The lymphatics are known to be very plentiful, and in intimate 
relation to the blood-vessels. 

METHOD OF OBTAINING Bitt.—For most practical purposes the 
bile obtainable from the gall-bladder of dead animals is sufficient. 
The bile pigments and cholesterin may be conveniently obtained 
from the gall-stones so often found in the human gall-bladder. 

In order to investigate the composition of the bile as it comes from 
the ducts, before it has been modified by its sojourn in the gall- 
bladder, it is necessary to make a biliary fistula, communicating 
either with the gall-blagder or with the bile-duct, In this way the 
rate, pressure, and other points concerning the mode of secretion 
may be determined. 

ComposiTION oF BitE.—The bile of man and carnivorous animals 
is of a deep orange-red colour, turning to greenish-brown by decom- 
position. of its colouring matter. In herbivorous animals it has some 
shade of green when quite fresh, but turns to a muddy brown after a 
time. It is transparent, and more or less viscid according to the 
length of time it has remained in the gall-bladder. It has a strong 
bitter faste, a peculiar aromatic odour, and, after remaining for some 
time in the gall-bladder it has an alkaline reaction. Its specific 
gravity is about 1010 when taken from the bile-ducts directly, but 
it rises to 1030 after prolonged stay in the gall-bladder, owing to the 
additiogof mucus and the absorption of some of its fluid. 

The following table gives appfoximately the proportions of the 
chief constituents of the bile :— 


Water . ‘ : ‘ : : . 85°0 per cent. 

Bilesalts? . . . . .. 100 ,, 

Colouring matter and mucus s « SO Jy 

Fats : ‘ : : : oe Oo x 

Cholesterin . : . : ; . O38, 

Inorganicsaltsy. . . . .. OF y 
7 


Bile contains no structural elements nor any trace of albuminous 
bodies. 
I. The bile acids are two compound acids, glyco-cholic &nd tauro- 
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cholie, which exist in the bile in combination with sodium. The 
amount of each varies in different animals and at different tinres in 
the same anirnal. The bile of the dog and other carnivora contains 
only tanro-cholate of soda, In the ox the glyco-cholate of soda is 
greatly in excess. In man both are present, the proportion being 
variable, but the tauro-cholate is said to preponierate. 

To separate these acids, bile is evaporated to one fourth its 
volume, rubbed to a paste with animal charcoal to remove the pig- 
ments, and carefully dried. The black cake is extracted with 
absolute alcohol, which dissolves the bile salts. From the strong 
alcoholic solution after partial evaporation the bile salts can be preci- 
pitated by ether. They first appear as an emuleion, and then form 
glistening crystals which are aoluble in water or alcohol, but 
insoluble in ether. 

From the solution of the two salts the glyco-cholic acid may be 
precipitated by neutral lead acetate, as lead glyco-cholate, from which 
the lead may be removed by sulphuretted hydrogen, and the acid 
precipitated from its alcoholic solution by the addition of water. 
The tauro-cholic acid may be obtained subsequently by treating with 
bagie lead acetate. 

Glyco-cholic acid when boiled with weak acids, alkalies, or baryta 
water, takes up an atom of water, and splits into cholic acid and 
giycin (amido-acetic acid). (See p. 43.) 

Tauro-cholic acid, under similar treatment, splits into cholic acid 
and taurin (amido-ethy l-sulphonic acid), (See p. 43.) 

Cholic acid occurs free in,the intestines, the bile salts being split 
up in digestion and tauro-cholic and glyco-cholic acids separated. 

The nitrogenous cholic acid is in a great measure eliminated 
with the freces, while the taurin‘and glycin are re-absorbed into the 
blood with many of the other constituents of the bile, and are again 
probably utilised in the economy. 

No traces of these bile acids can be detected in normal blood, and 
there is no accumulation of them in the body after the removal of the 
liver ; hence it has been concluded that they are manufactured in the 
liver. 

II. Mucns. The greater part of the mucus which the bile contains 
is produced im the gall bladder, and there added to the bile. Some 
mucns comes from the mucous glands in the bile-ducts, but unless 
the bile has remained in the gall-bladder there is but an insignificant 
amount of nracus present, as is seen when a fistula is made from the 
hepatic dnct. The mucus passes in an unchanged state through the 
intestine, and is evacuated with the frces. 
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TII. The bile pigment of man and carnivora is chiefly the reddish 
form called bilirubin. It is insoluble in water but soluble in chloro- 
furm. It can be obtained in rhombic crystals, and is easily converted 
by oxidation into a green pigment, biliverdin, which is the prin- 
cipal colouring matter in the bile of many animals, and is not 
soluble in chloroform, but readily so in alcohol. Bilirubin is 
supposed to be identical with heematoidin, a deeply coloured material 
found by Virchow in old extravasations of blood within the body, and 
hence the bile pigment is said to be derived from the colouring 
matter of the blood. Probably the hemoglobin of some red cor- 
puscles which have been broken up in the spleen is converted into 
bile pigment by the liver. 

Under the influence of decomposition bilirubin undergoes a change, 
taking up water and forming hydro-bilirubin ; this occurs in the 
intestine, and the bilirubjn is thus eliminated as the colouring matter 
of the feces (stercobilin), which is probably identical with the 
urobilin of the urine. 

IV. Fatty matters, the principal of which are lecithin (See p. 48), 
palmitin, stearin, olein, and their soda soaps. 

V. Cholesterin (C,,H,,0) is an alcohol, and crystallises in 
clear rhombic plates, soluble in water but held in solution by the 
presence of the bile salts. It can be obtained from gall-stones, the 
pale variety of which are almost entirely composed of it. The 
cholesterin leaves the intestine with the feces, 

VL. The inorganic salts are sodium and potassium chloride, calcium 
phosphate, some magnesja, and a considerable quantity of iron. 

Tests for Bile—The most important constituents of the bile, viz, 
the bile gcids and pigment may ‘be detected by appropriate tests, 
which are of great practical use :—* 


1. Pettenkofer’s test for the bile acids :—To a fluid containing 
either or both bile acids add some cane sugar, and then 
slowly drop by drop, strong sulphuric acid. The solution 
turns to a cherry-red and then changes to a fine purple. As 
other substances, such as albuminous bodies, give under this 
treatment a similar colour in order to make the reaction a 
trustworthy test for bile salts, the two characteristic bands 
given by the spectroscope should also be observed. 


The following is said to be a more characteristic test :— 
Rinse out a porcelain capsule succeasively with the fluid to 
be tested, then with weak sulphurje acid, and finally with a 
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‘weak solution of sugar, then heat to 70°C., when the capsule 


turns purple. 

2. Gmnelin’s test for the bile pigments depends upon the fact that 
during the stages of oxidation the bilirubin undergoes a 
series of changes in colour which follow the sequence of the 
familiar solar spectrum. Place a few drops of the fluid 
to be tested on a white surface (a capsule or plate), and allow 
a drop of nitric acid, yellow with nitrous acid fumes, to 
yun into it ; as they mingle together the rainbow-like play 
of colour appears. This, when watched, will be found to 
consist of a series of changes to green, blue, violet, red, and 
yellow. 

The same can be observed by allowing the acid to trickle 
gently down the side of a test tube fixed in an inclined 
position so that it cannot be shakes, the play of colour can 
then be seen starting from the point of junction of the two 
fluids. 


METHOD oF SECRETION OF ‘SILE. 


The secretion of the liver varies less in the amount formed in a 
given time than that of other digestive glands. Although the 
changes in the rate of its secretion are not so marked, they follow 
the same general rule as those of other glands, 1.c., after food¢és taken 
there is a sudden rise, then a gradual fall, followed by a second rise 
in the amount produced, as ‘s so well seen if the case of the pancreas. 
Although hunger is said to check the secretion of bile, it is practically 
continuous as is the activity of all glands whose duty“ it is to 
eliminate noxious substances. 

At the end of a period of fasting, the gall-bladder is always found 
greatly distended, because the secretion has continued to flow into 

hat receptacle, and there has been no call for its discharge into the 
mm. 

The amount of bile produced by dogs is rfiuch influenced by the 
diet. It is very great when meat atone is consumed, less with vegetable 
diet, and very small with a diet of pure fat. As a general rule the 
bile is more abundantly produced in herbivorous than in carnivorous 

smale. 

The secretion of bile is also influenced by the amount of Llood 
flowing through the organ. Ligature of the hepatic artery causes 
cessation of the secretion, and ultimately death, from malnutrition 
of the tissue of the liver. - 
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These variations in the rate of secretion may depend on direct 
nervous influence, but no special secretory nerve mechanism has been 
discovered for the liver, and it is quite possible that the changes in 
the activity of the gland, which accompany the different periods of 
digestion may be accounted for by changes in the intestinal blood 
supply, which give rise to corresponding differences in the amount of 
blood floving through the portal vein. If the vena porta be ligatureds 
an effect corresponding to the magnitude of the vessel is produced, 
the secretion is arrested and the animal dies ; but it has been said that 
the secretion continues in the peripheral part of the lobules. If both 
the portal vein and the hepatic artery are ligatured the secretion at 
once stops. 

The force with which the bile is secreted isvery small, That is to 
say, the pressure in the ducts never exceeds that of the blood as 
occurs in the salivary glands; but, on the contrary, when a pressure 
of about 16mm. (‘63 in.) mercury is attained, the evacuation of the 
bile ceases, and with a little increase of opposing force the fluid in 
the manometer retreats and finds its way into the blood. The low 
pressure which can be geached in the gall ducts does not imply any 
want of secretory power on the part of the liver cells, but merely that 
there exists a great facility of communication between the duct 
radicles and the blood vessels most probably through the medium of 
the lymphatics, This is made obvious by experiment, by which it 
can be shown that with a comparatively low pressure (200mm. =nearly 
8 in. of water for a guinea-pig) any fluid can be forced into the 
circulation from the bile gucts. . 

It is observable also in the stoppage of the bile ducts in the human 
subject, when some at least of the bile constituents continue to 
be formed, and pass into the Wlood, where their presence is 
demonstrated by the yellow colour characteristic of jaundice. The 
ready evacuation of the bile is then a matter of great importance 
for health, the legst check to its free exit causing the secretion, 
or as it might be equally well called excretion, to be forced into the 
circulating blood instead of into the gall passages. Under normal 
circumstances, the large receptacle ef the gall-bladder being always 
ready to receive the bile ensures its easy exit from the ducts, 
but the forces which canse its flow are extremely weak. The 
smooth muscle in the walls of the duct seem rather for the purpose 
of regulating than aiding the flow. 

When food from the stomach begins to flow into the duodenum, 
the muscular coat of the gall-bladder contracts and sends a flow of 
bile into the intestine, which action is doubtless brought about by a 
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reflex nerve impulse, for it is only when this part is stimulated that 
the bile flows freely from the bladder, and the acid gastric contents 
seem to be the most efficacious stimulus. 

Ia the human subject the quantity of bile secreted has been found to 
be about 600 ec. (21 0z.) per diem in cases where there were biliary 
fiatule. This would equal about 13 grms. per kilo of the body- 
weight, 

In the guinea-pig and rabbit, it has been estimated to be about 
350 grma, per kilo body-weight. 


Functions OF THE BILE. 


lL. As Excrement.—Although the yreat bulk of the bile is re- 
absorbed from the intestinal tract into the blood, and again used in 
the economy, some of its constituents pass off with the faces, and are 
no doubt simply excrementitious matters that must be got rid of. 
Thus all the cholesterin, mucus, and colouring matter are normally 
eliminated, and a considerable quantity of the bile acids are split up, 
the cholic acid being found in the faces. 

2. As a stimulant, the bile is of considerable use, for it excites the 
muscles of the intestine to increased action, and thereby aids in 
absorption and promotes the forward movement of the food, and 
mere particularly of those insoluble materials which have to be 
evacuated per anum : this stimulation may amount to mild purging. 

3. Moistening and lubricating.—The bile adds to the ingesta an 
abundant supply of fluid and mucus, much,of which passes along the 
intestine to moisten and lubricate the faces and facilitate their 
evacuation. In cases of jaundice, or when the bile is rempved by a 
fistula, the feeces are hard and friable, and with difficulty expelled, 
owing to the deficient fluid and mucus, as well as to the weaker 
peristaltic movements. 

4. As an Antiseptic, the bile is said to have an important function 

‘to perform. Possibly it restricts the formation of certain of the bye 
products, such as the indol resulting from pancreatic digestion, but 
it is not aseptic, since bacteria abound and thrive in the intestine. 

5. Emulsification of fats.—The bile has no doubt some power of 
forming an emulsion, but in a far less degree than the secretion of the 
pancreas ; however, the mixed secretions are probally more effica- 
cious than either separately, from the presence of the free fatty acids, 
which form soaps and aid in forming the emulsion. 

&. As an aid to absorption.—The bile having some soap in solution 
has a clive relationship jo both watery and oily fluids, and possibly on 
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this account, as well as owing to a peculiar power possessed by the 
bile salts, a membrane saturated with bile allows an emulsion of fat 
to pass through it much more readily than if the same membrane 
were kept moistened with water. This can be seen experimentally 
with filter-paper. 

7. By neutralising acidity and precipitating peptones—When the 
acid contents of the stomach are poured into the duodenum and 
meet with a gush of alkaline bile—a copious cheesy precipitate is 
formed which clings to the wall of the intestine. This precipitate 
consists partly of acid alvumin (parapeptone) and peptones thrown 
down by the strong solution of bile salta, and partly of bile acids, 
the salts of which have been decomposed by the hydrochloric acid of 
the gastric juice. With the bile acids the pepsin is mechanically carried 
down. Thus, immediately on their entrance into the duodenum 
the peptic digestion of the gastric contents is suddenly stopped not 
only by the precipitation of the soluble peptones and the shrinking 
of the swollen parapeptone, but also by the removal of the pepsin 
iteelf from the fluid and the neutralisation of the gastric fluid by the 
alkaine bile. 

By thus checking the‘action of the gastric ferment the bile prepares 
the chyme for the action of the pancreatic juice 


CHAPTER XI. 
FUNCTIONS OF THE INTESTINAL MUCOUS MEMBRANE. 


In the Mucous Membrane of the intestine are found small glands 
of two distinct kinds, The glands of one kind, which are commonly 





Fig. 76.—Portion of the Wall of the Small Intestine laid open to show the valvala 
conniventes. (Brinton.) 
4 





Pig. 77.—Drawing of transverse section of the duodenum showing Briinner’s Glands 
(n) opening into Lieberkibn’s follicles (1), (v) villi, (a) muscular coats. 
ealled Briinner’s glands, and are localised in the duodenum, are in- 
significant in number when compared with the others, Lieverkiihn’s 
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glands, which are closely set and distributed over the entire intestinal 
tract in enormous numbers. 


Brunner’s glands form, in some animals, a dense layer in the sub- 
mucous tissue of the beginning of the duodenum; they are small 
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Fig. 78 —Section of the Mucous Membrune of small intestine, showing Lieborkuhn’» 
follicles (2) with their irregular epithelsum and the villi (4) passing out of view , 
{c) Musculans mucosee, () Submucous tissue, (Cadiat ) 


branched saccular glands resembling mucous glands in structure. 
Owing to their small size the secretion cannot be obtained in sufh- 
cient quantity to make satisfactory experiments in respect to its 
properties. It is said to dissolve albumin and to have a diastatic 
fermentative action, so that probably the secretion is analogous to 
that of the pancreas, as Brunner originally supposed. The quantity 
of fluid secreted by these glands is so small that its existence is not 
taken into account in speaking of the intestinal juice, by which is 
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meant the fluid poured 
out by the innumerable 
short tubes or follicles of 
Lieberkiihn, 

These intestinal folli- 
cles belong to a very 
simple form of gland, 
each one being a single 
straight depression in the 
mucous membrane mot 
deep enough to deserve 
the name of a tube. In 
the small intestine they 
are set as closely as the 

_ villi permit. In the large 
intestine, where the villi 
are absent, they are more 
closely set and are also 
Qegper (Fig. 78). Theyare 
Wounded by a thin base- 
ment membrane which is 
embraced by a close capil- 
lary network of blood 
vessels, and ure lined by 
a single layer of*cylindri- 

cal or spherical epithelial 
cells. 

The epithelial covering 
of the processes known as 
villi which are studded all 
over the mucous meme 
brane of the sinall intes- 
tine produce some mucus. 


(Cadiat.) 
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METHOD OF OBTAINING 
INTESTINAL SECRETION. 
—Considerable difficulty 
has been found in obtain- 
ing the proper intestinal 
juice free from admixture 
with the secretions of the 
liver and pancreas which 


Fig. 70.—Villus with the capillaries injected showing thetr close relation to opithelium, some of the cells of which are distended with mucus, 
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are carried along and mixed with it. A short portion of the small 
intestine has, however, been successfully isolated from the rest 
without injuring the mesentery or its blood-vessels. One of the ex- 
tremities of the isolated portion was closed, and the other was 
retained by sutures at an opening in the abdominal wall. The cut 
ends of the remainder of the intestine were at the same time united, 
so that the continuity of the alimentary tract was preserved. Thus, a 
limited piece of gut formed a cul-de-sac from which the fluid could 
be collected through a fistulous opening. 

4 

CHARACTERS OF THE SecRETION. —The fluid obtained from such 
a fistula is a thin opalescent yellowish fluid with a strong alkaline 
reaction and a specific gravity of 1011. It contains some proteid and 
other organic material, a ferment and inorganic salts in which 
sodium carbonate preponderates. 


Mops or Ssecretion.—The secretion flows but slowly from such 
a fistula but the amount increases during digestion, showing that the 
secretion of the intestine is under the control of some nerve centre 
which can call the entire tract into action when one part is stim- 
ulated. Moreover, the local stimulation of the mucous membrane 
makes it red, and causes it to pour out a more abundant secretion. 
Beyond this little is known of the nervous mechanism or the local 
cell-changes which accompany the formation of the secretion. 


FUNCTIONS OF THE [Ni¥ESTINAL JUICE.\-All the properties of the 
secretion of the pancreas have been: accorded to the intestinal juice. 
It is said t8 have a ferment, capable of being extracted with glycerine, 
which can convert cane sugar and starch into grape sugar, and 
bring about lactic fermentation. It dissolves fibrin very slowly and 
still less easily other proteidy. It is also said to emulsify fats. 
However, the observations as to its digestive properties are very 
discordant, experiments giving opposite results in different 
animala, and in the hands of different persons even in the same 
animal. From the foregoing account of the intestinal secretions it 
may be seen that the changes which the various kinds of food 
undergo on their way through this part of the alimentary tract are 
numerous ; @ short review may therefore be useful : 

When the acid gastric chyme flows into the duodenum a flow of 
bile takes place from the gall-bladder and at the same time the 
secretions of the pancreas, Briinner’s glands, and Lieberkuhn’s follicles 
are poured copiously into the intestine. Tite bile meeting with the 
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ge fluid chyme causes it to change to a soft cheesy granular mass, 

the appearance of which depends chiefly on the precipitation and 
shrinking of the parapeptone and peptones. The pepsin is rendered 
powerless, both it and the bile salts being carried down with the 
precipitate. Gastric digestion is thus arrested and the onward flow 
of the fluid chyme checked. As the alkaline pancreatic and intes- 
tinal juices meet this semi-fiuid cheesy mass the conversion of starch 
into sugar proceeds rapidly, even the raw starch granules being thus 
changed. The small oil globules come in contact with the alkaline 
mixture of bile and pancreatic juice. The pancreatic secretion splits 
up some of the fat separating the fatty acid from the glycerine radicle. 
Some of the soda of the bile salt is substituted for the latter, and 
uniting with the fatty acid forms a soap. In such a mixture as this— 
an alkaline fluid with proteid and soap in solution—a fine emulsion 
is readily formed, as can be seen by adding sodium carbonate to 
some rancid oil, The free acid (the cause of rancidity in the oil) unites 
with some soda to form a soap which in the alkaline mixture enables 
the oil to be converted into an emulsion by even slight agitation, so 
that the pancreas, by setting free fatty acid, and the bile possibly by 
contributing some soda, aid one ancther ix! giving rise to a definite 
but small amount of soap. 

The precipitated parapeptone and peptone and the finely divided 
proteid are presented to the pancreatic juice in a form which it can 
most easily attack, and thus the conversion of proteid into peptones 
goes on rapidly. 

How far the peculiar action of trypsin on proteids, converting them 
farther into leucin and fyrosin, goes on in normal digestion is not 
known, but it is probable that the production of these bodies is 
increased with the over-abundark& ingestion of proteid or a purely meat 
diet, and is then useful asa means of preventing the injurious effects 
of too great proteid absorption. 

The gastric chyme is therefore completely changed in the duode- 
mum, and in the other parts of the small intestines we find in its 
stead a thin creamy fluid which clings to the mucous membrane 
coats over its folds (valvule conniventes) and surrounds the lony 
villi of the jejunum, &e. This intestinal chyme is the form in 
which the food is presented to the mucous membrane for absorption. 
It resembles somewhat by its whiteness the fluid calJed chyle which 
flows in the lacteals, and formerly was considered to be identical with 
it. This creamy lining is the chicf material fcund in the upper 


part of the small intestine, the coarser parts of the food being hurried 
on by peristaltic action to the large intestine. 
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In the large intestine the secretion of the long closely-set Lieber- 
kiithn’s follicles is the only one of importance. Its reaction and that 
of the mucous membrane is alkaline, but the contents of the colon 
is acid owing to certain fermentative changes which go on in this 
part of the intestine. 

Of the changes brought about in the large intestine by the agency 
of the digestive juices we know but little. Judging from the large 
size of the coscum and colon in herbivorous animals, we are prompted 
to conclude that vegetable substances, possibly cellulose, may be dis- 
salved here, but we do not know how thisis accomplished. Although 
devoid of villi, the large intestine ean certainly absorb readily such 
materials as arein solution. As the insoluble materials pass along the 
small intestines the supply of fluid is kept up to about the same 
standard, the absorption and secretion being about equal ; but in the 
large intestine, the absorption of the fluid so exceeds the secretion 
in amount that the undigested materials are gradually deprived of 
their fluid, and are converted into soft solid masses which pass on to 
be added to the faeces. 

Owing to its absorbent power the large intestine is a ready and 
rapid channel by which materials can be introduced into the system 
in cases in which the stomach is too irritable to retain food. 

The quantity of feeces evacuated in the day depends upon the kind 
of diet, being greater with a vegetable than meat diet, averaging about 
150 grammes a day (60-250 grms.). This amount may be greatly in- 
creased 6y largely partaking of indigestible forms of food. The more 
rapid the passage of the ingesta through the intestine the greater is the 
amount of fluid remaining with the freces, so that any stimulant 
to the intestinal movements reduces the coneistence of the faeces and 
facilitates the evacuation. The feto® depends in a great measure on 
the presence of indol, which is an outcome of pancreatic digestion, and 
also upon the presence of certain volatile fatty acids. The colour 
depends upon the amount of the bile pigment and the degree of 
change the latter has undergone. 

The freces are composed of (1) the undigested parts of the food, 
and (2) the useless or injurious parts of the secretions of the 
various glands. In the first category we find perfectly indigestible 
stuffs such as yellow elastic tissne, horny structure, portions of hairs 
from animal food, and cellulose woody fibre and spiral vessels from 
plants, and also masses of digestible substances which have been 
swallowed in too large pieces to be thoroughly acted on by the secre- 
tions, All forms of food may thus appear in the faces, but moet 
commonly vegetable substances are conspicugus. 

I. 
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In the second category we find a variable quantity of mucus and 
colouring matter of the bile, together with some 

cholic acid, cholesterin, &c. 
A few inorganic substances are found, mainly those which diffuse 
with difficulty, as calcium salts and ammonio-magnesium phosphate. 


PUTREFACTIVE FgnwENTATIONS IN THE INTESTINE.— With the air 
and saliva which are swallowed mixed with the food, large numbers 
ef the lower organisms existing in them are introduced into the 

i canal. 


The effect of these organisms is to produce certain fermentative 
ehanges quite distinct from the action of the special ferments peculiar 
to the digestive fluids. 

This is proved by the composition of the gases found in the intes- 
tine. Atmospheric air only is introduced from without, and this is 
not found in any part of the alimentary tract, the oxygen soon being 
absorbed and the nitrogen left, while a quantity of carbonic anhydride 
and hydrogen from the fermentation of the sugar are set free, lactic 
and butyric acids being produced at the same time. 

Indol and skatol are also formed by putrefactive fermentation of 
the leucin and tyrosin, although this is in a great measure held in 
check by the antiseptic nature of the bile. 

it is in the large intestine that putrefactive fermentations have 
the greatest effect, the acid reaction being caused by the varjous acids 
produced. 


With regard to the interesting question, —Why do not the digestive 
fluids dissolve the tissues of the organs in which they are contained, 
we cannot speak positively. «We cannot now say that the “vital 
principle” has a protective influence, for we know the fact that a 
tissue being alive is not sufficient to ward off the digestive action 
of the alimentary juices, since the limb of a living froy is digested 
when introduced through a fistula into the stomach of a dog; and 
when the intestinal juice trickles from a fistula the neighbouring 
akin, the mout, and the tongue of the animal soon become eaten 
away owing to its licking the flnid, which rapidly digests these parts 
20 as to destroy the skin and even expose the blood vessels. 

We can however modify John Hunter's statement that the resisting 
power was associated with the life of the structures, by saying that 
it in not the property of an abstract “vital principle,” but a special 
resisting power dependent upon the specific character of the vital pro- 
cesses Of certain textures. 


ABSORPTION. 


In order that the food-stuffs when altered by the various processes 
described under digestion, may be of any real use to the esonomy, 
the nutritive materials must be distributed throngh the textures and 
organs, For this purposa they must pass through the lining mem- 
brane of the alimentary canal, and obtain admission to the blood, 
which is the common mode of intercommunication between the 
various parta of the body. 

The autrient part of the food has then to be absorbed out of the 
alimentary canal by tie surrounding tissues, and mixed with the 
general circulating fluid. 

But the blood is separated from the intestinal contents by a 
barrier, which for it at least is impassable, althongh it exerts 
considerable pressure, and therefore tends to burst out from the 
vessels. 

The question then arisey—How does tha elaborated chyme make its 
way through this barrier, which is sufficient to prevent the flow of 
blood inta,the intestinal tract ! 

The general answer is easily giveh, viz. :—the blood cannot pass 
through an animal membrane. But this is not a satisfactory solution 
of the question, for sometimes, under certain circumstances, the 
blood does pass through the wall of the vessels, and normally the 
plasma escapes from the capillaries into the tissues, in order to 
nourish them. We must further remember, in considering this point, 
that the wall of the vessels and the membrane lining of the in- 
testine are both made up of living cells which are endowed with a 
capability, co-incident with their lives, of controlling any passage 
through or between them. Some of these cell-guards, which we 
might call secreting agents, do allow, or rather cause a passage of fluid 
from the blood to the intestinal cavity, and, as we shall presently 
see, others of them induce a passage of the nutritious materials 
from the intestinal canal into the surrounding tissues. 

L 2 
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In order clearly to understand the method by which absorption is 
accomplished, it is necessary to have some idea of the absorbent 





Pig. 80.—Diagram showing the Course of the Main Trunks of the Absorbent System. 
The lymphatics of lower extremities, &c., meeting the lacteals of intestines at the 
receptacuium chyli (x. c.), which opens into the thoracic duct. The superficial 
veasele axe shown in the diagram on the left arm and leg (s.), and the deeper 
ones op the arm to the right (p.). The glands are bere and there shown in groups. 
The email right duct opens into the veins on the right aide. The thoracic duct 
Gachazges into the union of the great veins of the left side of the neck (1.). 


system generally ; it may be well, therefore, at this place to give 
brief account of the construction of the special apparatus which 
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carries on this function. Although the absorbent vessels form one 
continuous system, they may be conveniently divided into two pro- 
vinces, namely, interstitial and surface absorption. A certain modi- 
fication of the latter, called the lacteal syatem, occurs in the alimentary 
canal, and is described under intestinal absorption. 

1. Interstitial Absorption. 

The blood flowing through the botly im delicate capillary vessels 
yields to the various tissues a kind of irrigation stream of plasma, 
which, leaving the capillaries, permeates their substance go that evety 
texture is saturated with nutrient fluid. The surplus of this irriga- 
tion stream is collected and carried back to the blood current by a 
special set of fine veasels with slender walls, called the lymph vascular 
system, which act as drgins to the tissues, and pour contents 


into the veins. 
When the nutrient fluid escapes from the capillaries, it lies in the 
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Fig. 81.—Tendon of Mouse’s Tail treated with nitrate of silver, showing clefts or cell- 
spaces around the bundles of fibrils as White patches. These interstices may be 
called the smallest lymphb-channels or spaces. (Schifer.) 


interstices in the tissue elements, and here bathes the tissue cells 
which commonly occupy these interstices. (Figs. 81 and 86.) 

Communicating freely with the interstices of the tissues are irre- 
gular anastomosing flattened channels, which convey the lymph or 
any fluid forced between the tissues into vessels with more definite 
walls. These vessels, which are lined with characteristic endothelium, 
form a more or less denae network of lymphatic capillaries, from which 
spring the tributaries of the lymph vessels. (Figs. 82 and 83.) 

The lymphatic vessels are throughout slender thin-walled channels 
with close-set valves, usually in pairs, and with frequent anastomoses. 
They lie embedded in the connective tissye, and when empty, are 
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diffienlt to see, owing to their extreme delicacy. They converge 
towards a central vessel called the thoracic duct, which, passing from 
the abdominal cavity, throngh the thorax, reaches the left side of 
the neck, and opens into the angle of junction of the two great veins 
from the head and upper extremity. (Fig. 80.) On the right side 





e 

Fig. 82.—Lymph Channels from the thoracic mée of the central tengon of the 

diaphragm of the rabbit, treated With silver nitrate. The fine lines indicate the 

boundaries of the endothelium cells limng the lymph channels. The dark part 
shows the islets between the lymphatic network Klein ) 


a smaller trunk conveying the lymph from the sight arm and that 
side of the head, chest, and neck, opens into the corresponding venous 
trunke. 

The thoracic duct is much larger than any of the numerous tribu- 
taries which enter it at close intervals from all directions. 

Its lower extremity or point of origin is an irregular dilatation 
called the receptaculum chyli, because the lymphatic vessels from the 
stomach and intestines, or lacteals as they are called, pour their 
contents into it, The chyle from the intestines thus flows into the 
same channel as the lymph which is derived from the drainage 
of the tissues and organs ef the lower extremity, the trunk and left aide 


STRUCTURE OF LYMPHATIC GLANDS. 161 


of the head and neck and arm; and the two fluids are mixed in 
the receptaculum chyli, and the other parts of the thoracic duet. 
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Fig. 83.—Diagram of a Lymphatic Gland, showing (a /) afferent and (¢i) efferent 
lymphatic vessels ; (c) Cortical substance; (™) substance ; (c) Fibrous 
coat sending trabeculm (t@) into the substanca,of the gland, where they branch, 
and in the medullary part form a reticulum, the trabecule are surrounded 
the lymph path or sinus, which sepafates them from the adenoid tissue (2h). 
(SharPey.) ‘ 


Along the course of the lymphatic vessels are numerous small 
bodies called lymphatic glands or follicles, which are composed of 
masses of a «lelicate trellie-work of adenoid tissue, packed with 
nucleated protoplasmic cells, called lymph corpuscles, the combination 
making what is known as lymphoid tissue. (Fig. 84 (2h) and 85). 
These masses of cells and their delicate supporting reticulum are 
enclosed in a fibrous case or capsule from which branching trabeculee 
pass into the gland and separate the masses of lymphoid tiesue from 
one another. Through the convex side of the capsule the lymph 
channels enter and pour their contents. The lymph then flows 
through irregular paths, which lie between the lymph follicles next 
to the capsule and trabecule, and lead to the concavity of the gland 
from which the efferent vessel escapes. - 
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These lymph glands occur in groups in the flexures of the limbé, 
the recesses of the neck, and the thoracic and abdominal cavities, a 





Fig. 84.—Lymphatie Network from between the Muscle Coats of the InteStinal Wall, 
with fine vessels and many valves,%ausing the walls to bulge. (Cadiat.) 


large number being placed in the mesentery, in the course of the 
intestinal lacteals. 

In the submucons tissue of the intestine there is much of this 
lymphoid tissue, arranged in numerous small follicles, which doubt- 
less have a similar function to the lymph glands found elsewhere. 

There are various modes of origin of the lymphatic vessels which 
are more or lees characteristic of the different parts in which they occur. 

In the connective and allied tissues there are variously formed 
fiesutes or splits, which cun be filled with fluid forced into the tissues 
by puncturing the akin with the nozzle of a fine syringe, such as is 
used. for hypo-dermic injection. 

These Gissures contain the protoplasmic units of the tissue, and 
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Fig. 85.—Section through the or medullary part of a Lymphatic Gland, showing 
adenoid tiasue (a) contaihing capillaries (b) and a fibrous trabecula (c) containing 
an artery. (Cadiat.) 





Fig. 86.—Clefts in the Corneal Tissue of a Frog treated with nitrate of ailyer, which 
the 


leaves the spaces clear and stains structure. These clefts (a) 
and their processes (b) form the lymph canalicular system, and at the same time 
are the spaces in which the corneal corpuscles reside. (Kilein.) 
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transmit the ordinary transudation stream for nourishing the tissues. 
They freely communicate one with another, and lead into the begin- 
nings of the network of lymphatic capillaries. 

The lymph capillaries run midway between the blood capillaries, 


Fig. 87.—Endothelium from serous surface withotit stomata (nitrate of silver). 


and are made up of a single layer of nucleated endothelial cells, which 
can be brought to light with silver staining. 

In some tissues, such as that of the gentrul nervous system, 
the liver and bone, the lymph vessels commence as channels en- 





Fig. 88.~-Endothclinm from serous surface with stomata surrounded with 
granulag protoplasmic celis. 
the blood vessels, or perivascular lymph spaces, as they are 
called. ‘Here the lymph channels form a kind of sheath for the 
minute blood vessels, and pass slong to the connective tissue forming 


the adventitia. 
The lymph vessels may also be said to commence on the surface of 
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serous membranes which are intimately connected with the lymphatic 
system, and may indeed be regarded as nothing more than exagge- 
rated lymph spaces. In moat parts of the endothelial surface of 
serous cavities are a number of so-called stomata, or small apertures 
surrounded by a few cells, which differ from the ordinary endothelial 
cells in every respect, and probably have to control the passage of the 
fluid from the serous cavity into the lymph vessels. These stomata 
may be regarded as the commencement of the dense network of 
lymph capillaries, which lie in the subserous tiseue. 


IL, Intestinal Absorption. 


The intestinal absorbents are merely a special department of the 
lymphatic system, which, on account of the white chyle they carry 
being seen through their tsansparent walls, have been called lacteals, 
their function being to take up the nutrient fluid from the intestinal 
cavity, as well as to drain the tissue in 
which they lie. In order to fulfil their 
function, they are arranggd in a particular 
way, especially adapted to the peculiar 
construction of the mucous membrane 
lining this part of the alimentary tract, 
which must be briefly described before 
the mechanism of absorption can be 
understood, 

The most striking charagteristic of the , 
lining membrane of the small intgstine 
is the exigtence of villi, which are only 
found in this part of the alimentary tfact. 
They consist of nipple-shaped processes 
projecting into the intestinal cavity so Fig. 89.—Diagram of relation 
closely set that they, have the appearance “nie peirienesy pag 
of the pile of velvet; and being just od pt er er gece 
visible to the naked eye, they give the sup scar 
mucous membrane, when washed and — ns Cu Gaak 
held under water, a peculiar velvety look. (after Funke). 

On account of these villi, and also of the 

ring-like folds of mucous membrane in the upper part of the small 
intestine, the extent of surface over which the chyme has to travel is 
greatly increased. 

The surface of the villi is covered over with a simple layer of 
columnar epithelial cells in continuity with,the epithelium lining 
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the rest of the intestinal tract. The free surface of these cells is 
marked by a clear margin which is composed of a row of minute rods 
closely packed together, while the deep-seated end of the cells is 
branched, and appears to be prolonged into the substance of the 





Fig. 90.—Section of Intestine of a Dog in which the blood vessels (c) and the lacteals 
(2) have been injected. The blind ending or simple loop of the black lacteal is 
seen to be surrounded by the capillary network of the hlood-vessels. (Cadiat.) 


villus and in some way to be connected with the supporting retiform 
tissue. Some of the cells are seen to swell upon the addition of 
certain re-agents, owing to their containing mucus, which gives 
them a peculiar goblet shape ; hence they are called goblet cells. 
These cells occur at intervals, and some observers consider that they 
form a distinct variety of cells, differing from the neighbouring cells 
just as the border cells of the stomach-glands differ from the central 


celle. . 
The body of the villus is composed of a very delicate kind of 
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Fig. 91.—Diagram of Section 9f the Mucous Membrane of the Intestine, showing the 
position of the lymph follicles (a), (Cadiat.) 





Fig, 92.—Section of Single I, follicle of the Small Intestine, showing (a) follicle 
covered with epithelinen (6); which hee falven froma the villi (ce); (a) Lievecktha'e 
follicles; (ec) Muscularis mucosss. (Cadiat.) : 
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connective tissue, forming a slender frame in which a little cage- 
like network of blood-vessels surrounds a central lscteel radicle. 
The interstices of this connective tissue are filled with pale proto- 
plasmic cells, like those formed in the lymph. Under the basement 
membrane forming the foundation of the epithelium are some un- 





Fig. 93 —Sechhon through the Intestanal Wall in the neghbourhood of the grouped 
lymph-follicles (_/) oe patch), showing the upper narrow (3) and the deep 
wide (c) lymphatac plexuse 


€ 


striated muscle cells which embrace the villus and are able to squeeze 
it and empty the vessel it contains. 

The lacteal radicles which lie in the vill: are sometimes double, 
and have a communication with the lymph spaces of the connective 
tissue. They frequently branch as they pass down from the villi to 
reach the dense network of lacteal vessels which lies beneath the 
mucous membrane. At irregular intervals throughout the submucous 
tissue are found masses of lymphoid tissue similar to that seen in 
packets within a lymph gland or in other lymph follicles. These 
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are éither isolated (solitary glands) or collected into groups (agminated 
or Peyer's glands). Though called glands by anatomists, it should 
be borne in mind that they are in no way connected with the secre- 
tion of any of the intestinal juices, but belong to the absorbing 
arrangements of the intestine. Around these solitary and grouped 
lymph follicles are spaces and networks from which the lacteal 
vessels arise (fig. 93), 


MECHANISM OF ABSORPTION. 


Formerly absorption was supposed to take place by means of the 
blood-vessels alone, but after the discovery of lymph and chyle vessels 
by Caspar Asellius the belief in the direct absorption by the blood~ 
veasels was completely abandoned, and all the work of absorption was 
attributed to the lymphatics. However, ample evidence exists to show 
that substances capable of absorption can make their way into the 
blood-vessels of any part not protected by an impermeable covering 
like the horny layer of the skin, and thus be carried directly to the 
general circulation. The share taken by the blood-vessels in inter- 
stitial absorption in the*tissues is nut defined, and when no impedi- 
ment to the lymph-flow exists is probably very amall. 

In the absorption from the alimentary tract, however, the blood- 
vessels appear to take a considerable part. 

How far the tissue interspaces and the local lymph-channels, many 
of which” surround the blood-vessels, aid in the passage of substances 
into the blood currents is not known; but most likely they have 
gome such effect, for the experiments showing direct absorption 
by the blood-vessels leave the local lymph-channels in operation, 
while at the same time the normal flew of lymph towards the thoracic 
duct is more or less prevented. 

Any part which has only the protection of a single layer of epithe- 
lial cells well supplied with superficial blood-veasels has also a supply 
of absorbent vessels, and therefore is capable of absorbing materials 
in solution which are in contact with the surface, and large quantities 
of fluids and solutions of various materials are absorbed from the 
stomach and Jarge intestine—partly, no doubt, by means of the 
lacteals or lymphatics, and partly by the minute blood-vessels 
themselves. 

However, the small intestine seems to be the part of the alimentary 
tract which is especially adapted for taking up the materials elaborated 
from the food. 

In the upper part of the small intestine the valvule comhiventes 
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are most marked, and the villi are long and closely eet together. It 
is here we find the thickest layer of creamy chyme covering the 
mucous membrane, but eeldom any masses of partially digested food. 
All these points, which are directly related to absorption, tend to 
show that the upper part of the intestine is the part specially adapted 
for this purpose. The chyme which clings to the mucous membrahe 
contains all the substances which are destined to pass into the 
economy. Into this mixture the villi dip, so that each villus is 
completely bathed with chyme. From what has been said of the 
construction of the villi it is obvious that such an arrangement is 
admirably well adapted to the absorption of the nutrient material, 
which has every facility for making its way into the lacteals and 
blood-vessels. 

The principal ingredients in the chyme may now be examined in 
detail with reference to their pewers of being absorbed. 

Water can be absorbed from the intestinal tract in almost unlimited 
quantity, but not so with solutions of salts. The amount of the 
solution of any salt capable of absorption seems to depend on its 
endosmotic equivalent. The lower the endosmotic equivalent the 
more readily the solution passes into the blood-vessela, In those 
cases where the equivalent is very high, such as magnesium sulphate, 
there is a tendency of the fluid to pass out from the blood-vessels 
into the intestinal cavity; hence the watery stools caused by this 
and such-like saline purgatives. 3 

Among the carbo-hydrates we need only take into account the 
sugars, for starch unchanged is but little if at all absorbed. Only a 
certain quantity of sugar can be jaken up by the intestinal absorbents, 
since some is found in the feces when the amount taken with the 
food exceeds a certain quantity® Some of the sugar in the intestine 
moreover undergoes fermentation, by which it is converted into 
lactic and butyric acid. How much of the sugar is absorbed as lactic 
and butyric acid has not been determined, but the amount of sugar 
found in the portal vessels or lacteals does not at all correspond with 
the amount that disappears from the cavity of the intestine. 

Ordinary proteids, being colloids, can only pass slowly through an 
animal membrane, hence they are said to be changed into peptones 
under ordinary circumstances before they are absorbed. Their absorp- 
tion takes place chiefly in the stomach, and is completed in the small 

ine, as only a small quantity of albuminous substances is 
found in the large intestine even after an excessive meat diet. The 
more concentrated the solutions of peptones are the more rapidly 
are they absorbed, andthe rate of absorption is greatest at first and 
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then by degrees diminishes. The presence of alkali is also said to 
facilitate the absorption of peptones. It is o curious fact that neither 
in the lacteals nor in the portal blood can any quantity of peptone 
be found, even during active proteid digestion ; so that it is impos- 
sible to trace out their course as peptones, or to say by which set of 
channels they reach the blood. If we assume that all proteids must 
be absorbed as diffusible peptone, we are forced to conclude that 
during their passage from the intestinal cavity they must be recon- 
verted into ordinary proteids. But we know that soluble forms of 
albumin are to some extent diffusible (when a solution of salt is 
used) through a dead animal membrane. But even were this quite 
impossible it would not preclude the possibility of their passing 
through the intestinal wall, which presents no such obstacle, for it 
is a living structure that can overcome such physical difficulties as 
the non-diffusion of colloids. When we know that solid particles 
of fat can enter the lacteals we can have no difficulty in believing 
that a solution of albumin is admitted. We may then conclude 
that it is not only possible, but even probable, that a good deal of 
proteid is absorbed as ordinary soluble albumin. <A certain limit to 
proteid absorption exists, so that any albuminous materials above 
the maximum that escape conversion into leucin and tyrosin are 
thrown off with the faeces. 

In the absorption of water, watery solutions of salts, sugars, and 
peptones, there are no physical difficulties to be got over ; so that we 
are in tite habit of speaking confidently about the mechanism of 
their absorption, although in all probability many circumstances of 
which we are ignorant co-8perate in Lringiitg about the results which 
seem to us so simple. 

It is n& the same, however, withthe fatty food-stuffs. A small 
quantity of these may no doubt be split up into soluble glycerine 
and fatty acids, which are at once changed into soluble soaps, and in 
this condition are capable of simple osmotic transmission into the blood- 
vessels or lacteals.° However, the greater portion of the fat enters 
the lacteals as such in a condition of a fine emulsion, 7.2, composed 
of solid particles, This process is difficult to reconcile with our 
physical experiences ; for, however finely divided it may be, fat 
emulsified does not pass through an animal membrane more freely 
than ordinary fluid fat, The fat emulsion is chiefly taken up by the 
villi of the smal] intestines, as in the stomach it exists only in large 
fluid masses or globules, and the amount of fat found in the lange 
intestine is small, unless used as food in great excess. This can 
aleo be seen in examining the absorbent vessels after a fatty meal 
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when those which carry materials from the stomach and large intestine 
are clear and transparent, while those coming from the small intestines 
are filled with the white milky fluid which gives them their special 
name of lacteals. There is a limit to the absorbent capacity of the 
intestine for fatty matters, for when a great excess of fat is eaten it 
appears with the excrement, sometimes giving rise to adipose diarrhea, 
thus showing that the amount has exceeded this limit. 

The important question remains, how does the fat emulsion make 
its way through the intestinal mucous membrane? That it really 
does so there can be no shadow of doubt; for it disappears from the 
intestinal cavity, and can be detected in the chyle with the aid of 
the microscope more easily than any other of the intestinal contents 
that are absorbed. 

It has been shown that while a membrane moistened with water 
acts as a complete barrier to a fat emulsion, and only after prolonged 
exposure under high pressure allows traces of fata to pass, the same 
membrane when saturated with bile will without pressure permit 
the passage of a considerable amount of oil. It has therefore been 
suggested that the epithelial cells of the mucous membrane are more 
or less moistened with bile, and the particle§ of fat in the emulsion 
are also coated with a film of bile or soap. Thus they are enabled to 
pass into the epithelial cells, in which they can be detected during 
digestion. The bile or soapy coating of the fat particles may no 
doubt aid in their transit through the various obstacles on their way 
to the lacteal radicles. But the course taken by the fat parficles can 
hardly be explained in this way, and many circumstances force us 
to the belief that the acti¥ity of the protoplasm of the epithelial or 
of some special wandering cells i8 the real factor in the case. When 
the fat is once scattered through the protoplasm of the cellsand their 
prolongation into the delicate connective tissue of the villi, then in 
all probability other forces, such as the contraction of the villi, may 
aid in their further movement to the central lacteal space of the 
villus. ° 

The exact utility of the marginal bands of rods or pores which 
characterize the surface of the intestinal epithelium is not known, 
though it is supposed to be connected with the abeorption of fats. 

We may conclude then that the passage through the intestinal 
wall of some of the materials taken as food may possibly be accom- 
plished by mere physical processes, but it is probable that the vital 
activity of the epithelial cells modifies or controls their absorption. 
The passage of the fat can only be explained by the aid of the direct 
activity® of cells which by amcboid movement take up the fine 
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particles and pass them on to the interstices of the connective tissue 
of the villi. 


LYMPH AND CHYLE. 


As these two fluids are mixed together in the thoracic duct, whence 
the lymph is commonly obtained for examination, they had better be 
considered at the same time. 

As we should expect, the fluids coming from the tissue drainage, 
from the lymphatic glands, and from the lacteals of the alimentary 
tract form an opaque mixture which holds a considerable quantity of 
proteid in solution, and contains a number of morphological elements, 
viz. : (1), protoplasmic cells similar to those found in the lymph 
follicles, and in most essential points identical with the pale cells found 
in the blood ; (2), some red-blood corpuscles which give the fluid in 
the thoracic duct a pinkish colour; (3), a quantity of very finely 
divided fat, which varies in proportion to the amount of fat recently 
digested ; (4), other minute particles of unknown function and 
origin. 

When removed from the body and allowed to stand, the lymph 
becomes converted info a soft jelly. This coagulation no doubt 
depends upon the chemical changes in the lymph which give rise to 
fibrin, This subject will be discussed more fully in a future 
chapter. The amount of fibrin formed in the lymph is very small, 
and therefore the clot is very soft, and shrinks considerably. The 
quantity of chyle which can be obtained from the lacteals is also 
small, and therefore the Kporengh investigation of it is difficult. The 
fluid from the tissues differs from the mixed lymph in appearance 
and constitution only during digestion, and then chiefly in contain- 
ing a greater amount of fat and sobtids derived from the intestinal 
cavity. The lymph of the thoracic duct contains three forms of 
proteid : (1), serum albumin, which can be coagulated by heat ; 
(2), alkali albumin, precipitated by neutralization ; and (3), globulin. 
It also contains in solution soap, cholesterin, grape-sugar, urea, leucin, 
and some salts, particularly sodium chloride, and the sulphates and 
phosphates of the alkalies. 

On their way to enter into the blood-current both the lymph 
and chyle undergo certain changes. Before passing through 
the lymphatic glands the fluid contains much fewer lymph cor- 
puscles than after it has traversed the glands: from this fact and 
from the structure of the lymph glands we may conclude that they 
are the chief sources of these white cells. The chyle of the lacteal 
vessel of the mesentery contains particles of fat which greatl¥ exceed 
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in size those found in the thoracic duct, eo we may infer that the fat 
emulsion undergoes a further subdivision or modification on its way 
through the glands. 

The lymph which has been collected from the lymph channels of 
the extremities has been found to contain less aluumin than that 
coming from the main trunk, and after long fasting the lymph from 
the thoracic duct has the same characters. 

The lymph contains a considerable quantity of carbonic acid gas, 
about 50 vol. per cent., some of which is readily removed by the 
air-pump, and is therefore said to be merely absorbed by the fluid, 
and some of which can only be removed by the addition of acids, 
and is therefore considered to be in chemical combination. Only 
mere traces of oxygen have been found in the lymph. 

The quantity of chyle and lymph poured into the blood varies so 
much that any estimation of the amount entering in a given time is 
unreliable, 

The following circumstances upon which the variations may depend 
are instructive :— 


1. The ingestion of liquid and solid food causes a great incrense 
in the amount of chyle. This is obvious from the change 
in the state of the lacteal vessels, which from being trans- 
parent and almost empty become widely distended and white. 

2. The activity of any organ causes an increase of lymph to 
flow from it. e 

3. Impediment to the return of the venous blood from any 
part increases the®*irrigation, 7.¢., the lymph. 

4. Increase of the amount of the pressure of the blood flowing 
through any part augnents the lymph flow. ‘ 

5. The administration of curare increases the amount of lymph. 


The history of the structural elements or lymph corpuscles, which 
exist in such numbers in the large lymph chanpels, requires some 
further discussion, as these cells are composed of active protoplasm, 
and therefore must be destined for some important function, and 
are produced by some vital process. 

The origin of the lymph corpuscle is not restricted to any one 
part of the body or to any special organ. It bas been said already 
that the lymphatic glands are supposed to be the most important 
source of these cella, because the follicular tissue is filled with 
them, aud the lymph contains a much larger number after it has 
passed through some lymph glands. In the lymphoid tissue of the 
spleen they are aleo very numerous, and ny doubt many of thein 
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have their origin in that organ as well as in the intestinal follicular 
tissue and in the red marrow of the bones. Although their number is 
relatively small, lymphatic cells occur in the lymph channels that 
are unconnected with a ly ge gland, and these cella no doubt 
come fram the blodd, which, as we shall see, contains many cell 
elements, whith are actually the lymph cella powted into it from the 
lymphatic duct. These cells, when they arrive at the minute blood- 
vessels sometimes leave the vessels and creep by ameoboid movements 
into the interstices of the’ tissue, along with the irrigation stream. 

They may permanently abide in the tissue, or they may be washed 
back into the larger lymph channels with the stream of surplus 
lymph. When the abnormal increase of activity of a tissue known 
as inflammation, oceurs, this escape of the white cells from the 
blood takes place with great rapidity, and the stages in the process 
can be watched under the microscope. 

Still another source of the lymph cells may be from proliferation 
of the cells which lie in the tissues. The fixed tiasue-cells are said to 
be capable of producing cells identical with lymph cells, and by divi- 
sion possibly multiply and produce their like, which may be carried 
along by the lymph stream as lymph cells. 

The enormous number of cells which accumulate as pus when an 
abscess forms are structurally identical with lymph cells, and pro- 
bably arise from these combined sources, viz., escape from the blood- 
vessels gnd proliferation of the tissue cells, 

The lymph cells therefore, whether they have their origin in a 
lymph gland, the spleen, or in connectiye tissue, perform a kind of 
circuit, going with the lymph intp the blood, and are distributed 
with theglatter to the tissues, whence they may ‘be once more carried 
into the lymph stream. 


MoveEMeEnNt or tHe Lyepn. 


In some of the lower animals amall muscular sacs occur in the 
course of the main lymph channels which pump the lymph into the 
great veins by contracting rhythmically much in the same way as 
the heart. 

In man and the higher animals no such lymph-hearts have been 
found ; the onward movement of the fluid depends chiefly on the 
pressure with which the irrigation stream leaves the blood-vessela. 
The fluid in the blood-vessela, as we shall presently see, is under 
considerable pressure, which causes the plasina to leave the capil- 
laries. Hence, if alymphatic trunk be tied, there is intense*filling of 


CHAPTER XIII. 


THE CONSTITUTION OF THE BLOOD AND BLOOD PLASMA, 


In all animals, except those which form the lowest class (Protozoa), 
the distribution of the nutritious materials to the various parts of the 
body, as well as the collection of the effete matters prior to their 
expulsion, is carried on by the medium of a fluid which circulates 
through the different parts of the body. This fluid is the blood. 

In vertebrate animals the blood passes through a closed system of 
elastic pipes and it is kept in constant motion by the action of a 
muscular pump. It is first foreed through strong-walled branching 
canals called arteries, whose walls gradually become thinner as the 
branches get smaller, and these end in a network of delicate channels 
(capillaries), through which it slowly trickles into the wide soft- 
walled veins by means of which it flows gently back again to the 
heart. In its course it receives the nutritive materials] {rom the 
stomach and intestines after digestion, the specially elaborated sub- 
stances from the liver, spleen, and lymp} glands, and the oxygen 
absorbed from the air in the lungs. In short, it contains and bears to 
their destination all the materials required for the chemica] changes 
of the various tissues. While pd@ssing through the capillary networks 
of the various tissues, it takes up the waste materials resulting from 
the tissue changes and bears them to their proper point of exit from 
the body ; at the same time the nutriment is allowed to ooze through 
the delicate vessel walls and be diffused in the tissues. 


GENERAL CHARACTERISTICS OF THE Brioop. 


The blood of vertebrate animals is of a bright scarlet colour when 
exposed to the oxygen of the air, but when not in contact with oxygen 
it is a dark purplish red. 

The blood is remarkably opaque, as may be seen by placing a thin 
layer on a piece of glass over the page of a book. This opacity depends 
on the lect that the blpod, as will presently be seen, is not a red 
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fluid, but owes its colour to the presence of solid red particles or 
corpuscles which float in a clear pale fluid. The blood has a peculiar 
smell (halitus) distinct in different animals and man, dependent on 
certain volatile fatty acids. Its specific gravity varies from 1045 
tu 1075, the average being 1055. The solid parts (corpuscles) are 
heavier (sp. gr. 1105) than the liquor sanguinis (1027). 

When first shed the blood has a slippery feel, which it soon loses, 
becoming sticky as it passes through the various stages of the process 
of coagulation. 


AmMoUNT OF BLOOD IN THE Bopy. 


The total amount of blood has been estimated to be from ¥, to 3, of the 
body-weight for an adult man, and somewhat less for a new-born child. 

Much difficulty has been found in arriving at an accurate estima- 
tion of the amount of blood in the body. In the first place, all the 
blood cannot be made to flow out of the vessels of an animal when it 
is killed. Secondly, the quantity and quality of blood are constantly 
varying with the capaeity of the blood-vessels. Thirdly, when 
slowly withdrawn from the body during life it is rapidly replaced bv 
more fluid passing into the blood vessels. This explains the enor- 
mous quantity of blood occasionally reported to be shed in cases of 
bleeding to death. In these cases, as quickly as the blood is lost, fluid 
is absorbed by the fine vessels to replace it, so that if the bleeding be 
gradual the standard quantity is still kept upin the vessels. Thus the 
very sudden loss of a c&mparatively small quantity of blood may 
cause death, whereas, if the bleedixg go on sufficiently slowly and 
graduallygas much or even more in quantity than normally exists in 
the entire body may escape without fatal result, but of course much 
of this is fluid which has recently entered the vessels to replace the 
Wlood already lost. 

Weber's Method.»The per centage of solid matters in the blood 
is first carefully estimated. The absolute quantity of solids in the 
drawn blood is then ascertained and added to the solids obtained by 
washing out the blood-vessels. Here the error arises from the fact 
that, in washing out the blood-vessela, much solid matter besides that 
belonging to the blood is taken from the tissues and thus an excess 
is found, 

Valentine's Method.—A small quantity of blood is drawn from 
a vein and measured and its per centage of solids is accurately esti- 
mated ; thereupon a known quantity of water is injected jnto the 
vessels, After some time being allowed for proper distribution of the 
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water @ sample of the diluted llood is taken and its solids esti- 
mated. The difference in solid contents of the two samples shows 
the degree ot dilution caused by a known quantity of water intre- 
duced into blood of ascertained strength, and thus the amount of the 
fluid diluted (the blood) may be calculated and added to the amount 
of the first sample of blood. 

This method cannot give accurate results, because in the time 
necessary for the distribution and mixture of the water with the cir- 
culating blood much of the former is excreted by the kidneys and 
skin, and the second sample of blood is more concentrated than 
should result from such dilution. 

Welcker’s Method depends upon the estimation of the colouring 
matter of the blood. He connected the carotid with a small T piece, 
and allowed the animal to bleed into a bottle in which the blood could 
be defibrinated by shaking with pieces of glass. One cubic centi- 
metre of this defibrinated blood was carefully measured off and satur- 
ated with carbon mon-oxide (CO), which gives a permanent and 
equally bright red colour. It was then diluted with 500 c.c. distilled 
water and kept as a standard colour-solutioy. The blood-veasels of 
the animal were then washed out with ° 6 per cent. solution of sodium 
chloride until the solution flowing from the jugular vein was colourless, 
The tissues of the animal were then chopped up and steeped in water 
and pressed. The washings of the vessels and the infusion from the 
tissues were added together and diluted until they had the same 
colour-intensity as a layer of the standard solution of the same thick- 
ness. Every 500 c.c. of these diluted washings corresponds to 1 c¢.c. 
of blood. ° 

By this method the following estimates have been naade of the 
relation of the blood to the body weight :— 


Mice . ° ° . . . . te — Re 3 
Guinea Pi o . . . ; * t—a 
Rabbit .  .. rr oo 
Dog . » 2 & oe eae 
Cat ai 

Birds $035 
Frog isd 
Fish . }—.. 4 


Only approximate estimates of the distribution of blood in the body 
during life can be made, since there can be no accurate method of 
investigation, and the amount varies enormously according as the 
organ or patt is in a etate of rest or activity. It is supposed that a 
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quarter of the entire amount is habitually flowing through the heart 
and great vessels, a quarter in the skeletal muscles, another quarter 
in the liver, and in all the other parts only a fourth. 


PHYSICAL CONSTRUCTION OF THE BLOOD. 


As already stated the blood is not a red fluid. It is seen with the 
microscope to be made up of a clear fluid called plasma or hquor 





ig. 95 —Human Blood after death of the elements. The red corpuscles are seen in 
different positions showing their shape, some also are seen in rolls. Only one 
white cell (w) is seen, misshapen and entangled in fibrin threads. 


sanguinis, which contains an immense number of little dise-shaped 
bodies called red corpuscles and a few colourless protoplasmic cells, 
which are called white corpuscles ; su that the living blood may be 
physically tabulated, giving approximately an estimation of the 
relative amounts, thus :— 





Plasma or Liquor Sanguinis 


jy, ) deed discs) 
Solid’ or Corpuscle ( Pale cells 


3 
& 
2 
5 


Blood 


PLASMA. 


The fluid part of the blood is of a pale straw colour, when pure and 
free from the colouring matter of the blood corpuscles, and of slightly 
less density than the blood corpuscles, (v. p. 169). Except special 
precautions are taken the plasma is altered when removed from the 
blood-veesels and coagulation of the blood takes place, so that under 
ordinary circumstances plasma does not come under observation; 
except when the constitution of the blood is revealed by the micro- 
ecope. It was first separated from the corpuscles by the filtration of 
frog’s blood to which had been added strong syrup, which checks coagu- 
lation and spoils the flexibility of the corpuscles, so that they are 
caught in the meshes of the filter and the clear plasma passes through. 

To obtain mammalian plasma free from carpuscles it is necessary 
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to use some other method, as the small elastic corpuscles easily run 
through the meshes of the thickest filter-paper. 

The blood of the horse is chosen because it coagulates more slowly 
than that of most mammals, and delay in the coagulation or post- 
ponement of the change in the plasma is the chief object to be 
obtained. To encourage this delay the blood is drawn from a vein 
into a cylinder surrounded with a freezing mixture. The cold, how- 
ever, must not be so intense as to absolutely freeze the blood, for the 
wished for subsidence of corpuscles could not go on if the blood 
becomes solid. It is then left quite motionless for 24 hours, after 
which time it will be found that the heavy corpuscles have fallen and 
left a clear super- 
natant fluid, which 


oe 


a is plasma contain- 
bw \/ £00 ing some white cells. 
\ This can be removed 


with a cool pipette 
and passed through 
an ice-cold filter to 
remove the cells, 
then tolerably pure 
plasma is obtained 
which soon cogu- 
lates at the ordinary 
temperature. 
Another method 


\ 
of checking coayu- 
x\ ayn ( a : lation consists of 





a = letting the blood flow 
/ fe into a 25 per cent. 


Wie. 08 oe e bo solution of mag- 
made them visible The network (/) appears to start ‘ nesium sulphate 
from granular centres (a) (Ranvier ) (about three vol- 


umes of blood to one 

of the solution). This, if left in a cool place, will not coagulate, and the 

will separate by subsidence from the plasma and salt solu- 

tion, which form an upper layer of clear fluid. If the salt be removed 

by dialysis or weakened by dilution with water, coagulation com- 
mences. 

The coagulation of plasma can be seen with the microscope to 

depend upon the appearance of a close feltwork of exquisitely delicate 

finely pranular elastic, fibrils which pervade the entire fluid and cause 
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it to set into a soft jelly. The substance forming the meshes is 
called fibrin. 

Some time after the plasma has gelatinised, the threads of fibrin 
break away from their attachment to the veesel in which the 
coagulum is contained, and owing to their elasticity the general mass 
of fibrin contracts, squeezing out of its meshes clear drops of fluid 
termed serum. 

The fibrin clot gradually shrinks into unappreciable dimensions, 
and floats in the abundant fluid serum. 

The separation of the serum is accelerated by agitation of the soft 
clot ; and if brisk agitation, such as whipping, be kept up for a few 
minutes the plasma does not form a jelly, but the fibrin firmly adheres 
to the stirring rods and at once contracts around them. 


CHEMICAL COMPOSITION OF PLASMA. 


On account of the rapid spontaneous formation of fibrin and serum 
when the plasma is removed from the body and allowed to die, the 
exact chemical condition of the liquor sanguinis during life cannot 
be investigated, the separation occurring before the simplest chemical 
method can be carried out. 

We have no reason to suppose that fibrin cxists normally in the 
blood, but it would appear that this substance is only formed at the 
moment of coagulation, and is one of the most obvious of many 
changes which take place at the time of the death of blood plasma. 

The chemical change cqmprehended under the term coagulation 
occurring when plasma is deprived, of its means of vitality, and 
ending in {he production of fibrin and serum, is naturally of the first 
importance in studying the chemical relationships of living plasma. 
It can best be followed out in the coagulation of plasma when 
separated from the corpuscles, for (although the stages in the coagu- 
lation of blood are the same, the appearance of an insoluble albumin 
—fibrin—being the one essential in either case), the corpuscles com- 
plicate the process and modify the appearance of the clot. 

Not only is the fibrin not present og such in the living plasma, but 
it requires for its production the presence of other substances which 
either do not exist in the living plasma, or are there so chemically 
associated as not to bring about the change which occurs when the 
plasma is dead. ' 

The reasons for believing this are the following. Fluids which 
sometimes collect by a slow process in the serous cavities of the 
body, ¢.g., hydrocele fluid, pleural effusion, &c,, if kept quité clean 
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do not generally undergo spontaneous coagulation. If to one of these 
some serum from around a blood clot be added, coagulation takes 
place just as in plasma (Buchanan). That is to say, we have here 
twe fluids, neither of which coagulates when left to itself, but which 
do coagulate when mixed together. From each of these fluids a sub- 
stance can be precipitated by passing a stream of carbon dioxide 
(CO,) through the fluids) Both precipitates readily re-dissolve in 
weak saline solutions. 

The solution prepared from the hydrocele fluid causes blood serum 
to coagulate ; that prepared from the blood serum causes the hydro- 
cele fluid to coagulate ; and when mixed together the mixture of the 
two solutions coagulates ; while the sernm and hydrocele fluid from 
which the substances have been removed no longer have the power 
of exciting coagulation in each other or in like fluids. Here, then, 
are brought to light two materials : one, which may be obtained in 
considerable quantity from serum after coagulation, is called serum- 
globulin or paraglobulin, the other occurring in serous fluids is 
named fibrinogen. Both of these substances are present in the dying 
plasma of the blood prior to coagulation. They can be obtained both 
together from the plasma (when either of the precautions already 
mentioned—viz., the application of cold, or the addition of neutral 
salt — has been taken to prevent the formation of fibrin) if the 
plasma be treated with sodium chloride to saturation. This pre- 
cipitates a substance which readily dissolves if water be added to 
weaken the salt solution, and after some time the solution undergoes 
spontaneous coagulation, while the plasa from which it has been 
made has lost that power. This plasmin (Denis) no doubt is made 
of different globulins, chiefly serum-globulin , and fibrinogen, and 
contains in itself all the necessary “factors” of fibrin formation, but 
is not at all identical with fibrin, since it readily dissolves in weak 
saline solutions, like the class of proteids called globulins, while 
fibrin is quite insoluble in such solutions. 

In plasma removed from its normal relationships, then, both 
serum-globulin and fibrinogen exist ; but the former in far greater 
quantity than the latter, since the serum, after the blood clot is 
formed, eontains no more fibrinogen, while the serum-globulin or 
paraglobulin makes up nearly half the entire solids of the remaining 
serum. 

In preparing fibrinogen and paraglobulin (or, as he called the latter, 
Pbrinoplastin) Schmidt found that the more carefully they were made, 
the weaker and more uncertain their action as fibrin factors became ; 
and finklly he made solutions which, when added together, did not 
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produce coagulation, but which, when added to less pure solutions, 
gave good firm clots. From this he suspected that a third agent 
which acted as a ferment was necessary to put into operation the 
fibrin-producing properties of the other two factors, He moreover 
succeeded in separating the third agent, to which he gave the name of 
fibrin-ferment. By treating blood serum with twenty times its 
volume of strong alcohol and allowing it to stand a month or two, the 
proteids are precipitated and rendered quite insoluble in water, and 
with them the ferment is carried down. From the dried and 
powdered precipitate the ferment is extracted with water. This 
solution when added to the mixture of the pure fibrin factors which by 
themselves did not coagulate caused rapid coagulation, but not when 
added to either one or the other of them singly (Schmidt). 

This material seemed to have been influenced by those circumstances 
which affect the activity of ferments in general: it has a minimum, 
0° C., maximum, 80° C., and optimum, 38° C. temperature of activity, 
with various gradations of rapidity of action between each, and it is 
destroyed by a temperature above 80° C. The amount of fibrin-ferment 
only seems to influence the rapidity with which the fibrin is formed, 
not the amount, which father depends on the quantity of serum- 
globulin (paraglobulin). 

The source of the three fibrin generators is a question of much 
difficnlty, and may be discussed with more profit, together with the 
question of blood coagulation, within and without the vessels, after 
the morpRological elements have been described. 


@ PREPARATION AND PROPERTIES OF FIBRIN. 


Fibrin may be procured either from plasma or bluod by whipping 
and then washing the insoluble fibrin with water. When fresh it has a 
pale vellow or whitish colour, a filamentous structure, and is sinyu- 
larly elastic. Itis not soluble in w ater, weak saline solution, or ether. 
Alcohol makes it shrink by removing its water. When quite dry 
it is brittle and hard, and can be reduced toa powder. It swells in 
1 per cent. hydrochlori ic acid, and if then warmed is soon converted 
into acid albumin. 

The amount formed varies very much even in the blood drawn 
from the same animal at the same time, but is always very small 
compared with the size of the blood clot. It never reaches as much 


a8 1 per cent., commonly varying from 0-1 per cent. to 0°3 per of of 
the entire mass of blood, 
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SERUM. 


This name is given to the clear fluid which oozes out of the clot of 
plasma. It only differs from the latter in its chemical composition 
in so far that fibrin is separated from it. Though chemically this is 
a slight difference it signifies the change from a complex living body 
(blood plasma) into a solution of dead albumins, &c. 

Serum is a clear straw-coloured alkaline fluid of 1028—1030 sp. gr., 
holding in solution different organic substances and some inorganic 
salts, After a full meal the serum is suid to be more or less milky 
from the presence of finely divided fat. 

, It contains about 9 per cent of solid matters, of which a large pro- 

portion, 7 per cent., are proteids. Of these the most abundant is 
(1) serum-albumin (about 4 per cent. in man), a solution of which 
becomes opaque at 60° C., and coagulates ata heat of 73°—75° C, 
The proteid next in importance is (2) serum-globulin or paraglobulin 
(about 3 per cent. in man), which has already been mentioned. It 
may be precipitated imperfectly by CO,, or completely by magnesium 
sulphate. (3) Serum casein has been obtained from serum by careful 
neutralisation with acetie acid after the removal of the paraglobulin 
by CO,. This is said to be paraglobulin which has failed to come 
down with the CO,. (4) Neutral fats in a state of fine subdivision 
are present in a variable quantity ; also (5) lecithin ; (6) traces of 
sugar ; (7) various products of tissue change—kreatine, urea, &e, ; 
and (8) inorganic salts, viz., sodium chloride, about 5 mer cent., 
and sodium carbonate, which probably existed in the blood as sodium 
hydric carbonate. There is also a smill quantity of potassium 
chloride. But it should be remembered that there is about ten times 
more sodium than potassium salts in the serum, and probedly in the 
blood plasma. 


CHAPTER XIV. 


BLOOD CORPUSCLES, 


Tse relative number of red discs to the colourless cells is said to 


be, on the average, 350 to 1. 
the fine vessels by puncture. 
While in the vessels the 
blood must contain a greater 
proportion of the colourless 
cella, for by the ordinary 
method of obtaining blood 
for examination, they d@ not 
flow out of the punctured 
capillaries as readily as 
the red discs, and moreover 
many of them become disinte- 
grated very shortly after they 
are removed from the circula- 


This is true of the blood drawn from 





Fig. 97.—Human Blood after death of the 
elements. The red corpuscles are seen in 
different positions showing their shape, 
some also in rolls. Only one white ceil 
(w) is seen, misshapen and entangled in 
fibrin threads. 


tion. Although the numVer of red discs Aormally alters but little, 
the relative number of red to white varies very much on account of 
the constafit changes occurring in the number of the white cells, 
which has been found to differ according to the observer, the situa- 
tion, and other circumstances, as shown in the following table, 
which gives the number of red corpuscles to one colourless cell :— 


Observer's estimate of normal oreete -— Red. ‘White, 
Welcker ; . . 835—1 
Moleschott : ; : 357—1 

In various parts of the circulation :— 

Splenic vein . - 2 . 60-1 
Splenic artery . 2260—1 
Hepatic vein . 170—1 
Portal vein 740—l~ 
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According to age or sex :— Red. White. 
Girls 2 www ee 4051 
Boys. . . . . . « 6 « 226—1 
Adult. ‘ ; ‘ ; : ‘ . 334—1 
Oldage .  .  . 2. 2. .  . . 881—1 

According to general conditions :— 

When fasting . : Ba 48 ~  « «+ T16—1 
After meal . : ; : , ; . . 47—1 
During pregnancy. wis a . %81—1 


In a disease of the spleen and lymphatic glands called Leucocy- 
themia there may appear to be nearly as many white cells as red 
discs. Here, however, the red «discs are deficient, while the colourless 
cells are multiplied. 


THe Ware BLoop-cELLs. 


The protoplasmic cells of the blood, commonly called the 
white corpuscles, differ in no essential respect from the pale 
round cells which are found in moat of the tissues of the body. 
They exist in great numbers in the fluid which drains back from 
the tissues into the blood, namely, the lymph, and occupy a 
great part of the lymphatic glands and spleen. They are often 
spoken of as lymphoid cells, leucocytes, or indifferent formative 
cells, on account of thejr being so widgly distributed throughout 
the tissues. 

When fresh blood is examined with the microscope thege cells can 
be seen generally adhering to the glass slide or cover-glass and lying 
singly, apart from the groups of red discs. They can be recognised 
by their faintly bluish hue or absence of marked colour, their finely 
granular structure, spherical shape, and the nucjei which may often 
be recognised near the centre of the cell. Though not always visible 
in quite fresh preparations, the nuclei can be brought to light by the 
action of many reagents—e.g., acetic acid. If looked at while being 
moved by the blood-current in the capillary vessels, they are seen to 
pass slowly along in contact with the vessel wall, while the red 
corpuscles rush rapidly past them down the centre of the channel 
(fig. 98), This may partly be due to their peculiar adhesiveness, 
which also causes them to stick to the glass slide, whilst the red 
disos are washed away when a little stream of saline solution is 
allowed to flow under the cover-glass, These cells show all the 
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manifestations of activity characteristic of independent living beings. 
If kept in a medium suitable to them, and at the temperature of the 
body, they will be seen soon to alter their appearance ; their out- 
line becomes faint, they 
are no longer spherical, 
but very irregular in 
shape, and constantly 
change their form by 
sending out and retract- 
ing delicate processes, by 
means of which they 
change their position, 
so that they may be said 
to perform locomotion. 
These movements are 
rendered more active by 
a slight increase of tem- 
perature, and are checked 
by cold, For continued 
observation about 38° C. 
is the beat temperature. 
They respond to many 
other influences, such as 
electricity, &c., even for 
a considerable time after 


removal from the bod Fig. 98.—Vessels of the Frog’s Web. 
No doubt they absorb‘ ‘Tromk of vein’ and (b 5) ita tributaries passing 
fluid nutgiment continu- are pigment cells, =e 


ally from the surround- 

ing medium, as is shown by the effect of poisons on them; and, 
by the repeated contractions and relaxations of parts of their sub- 
stance in the form of pseudopodia, they appear to take into the inner 
parts of the protoplasm solid particles, which after some time are 
ejected after the manner of the small unicellular animals known as 
ameebee (IV., p. 60). 

While in motion in the circulation none of these ameboid move- 
ments appear to take place, but when an arrest of the flow of blood 
in the capillaries occurs they not only change their form, but also 
their position ; and if there be no onward flow of blood for some 
little time, they creep out of the capillaries, passing through the 
delicate vessel-walle. This emigration of the blood cells is possibly 
& common event when a tissue is in need of textural repair. Whea 

wz 
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guished hy the great size of the corpuscles, Those of the Amphiuma 
Tridectylaia ane viaible to the ndked eye. 





measurements below are in fractions of an inch. 





1. eereaeererves 2 3 6. Sots eoooseeseosenseevnevee 
2: Prolene wee tie = 
2. Frog COPPOSOv Ee SEeHOe® X gir Horse Ceeerccovsere Pe evresece 
4, + al POPC eaateonvonene Xba 9. CFCC case eteHT ERED BEeEOE 
&. Elephant .............. t » Muskdeor .9........c00006 4 
The following measurements are given hy Welcker for the human 


Diameter. . . 0°0,077 of a millimetre=,3, th of an inch. 
Thickness. . . 070,019 of a millimetre=,,),th of an inch. 
Volume . 0000,000,077 of a cubic millimetre. 
Barface. . . 0-000,128 of a square millimetre. 
The last measurement would give about 2,816 square metres for the 
entire biped of an adult. A surface of 11 square metres is exposed 
every second in the iungs for the absorption of oxygen. 


ACTION OF RE-AGENTS ON RED CORPUSCLES, 183 


When circulating in the vessels, or immediately after removal, 
the red corpuscles are very soft and elastic, being bent and altered 
in shape by the slightest pressure, and easily stretched to twice their 
diameter. But the moment pressure or traction is removed, they 
return to their normal biconcave disc-shape if the medium in which 
they lie continue of the normal density. (See fig. 97, p. 177.) 

Changes take place in the blood shortly after it is removed from 
the body, which séem to be associated with the loss of function 
(death) of the red discs, as shown by their rapid destruction if re- 
introduced into the circulation. 

These changes are checked by cold, and facilitated by heat, a 
temperature above that of the body causing them to take place 
almostimmediately. Associated with the loss of function of the dixes 
is observed a change accompanied by an apparent increace of adhe- 
siveness, which causes them to stick together, commonly adhering by 
their flat surfaces, 80 as to form into rolls, like so many coins placed 
side by side. That this adhesion is not a mere physical process, inde- 
pendent of the chemical properties of the corpuscles themselves, seems 
proved by the following facts :—(1) It does not occur immediately 
when the blood is drdwn, and it disappears after a certain time 
without the addition of re-agents; (2) while the blood is in the 
living vessels under normal conditions there is no adhesion, but it 
soon appears when any standstill in the circulation takes place—a; 
in inflammation ; (3) it does not occur when saline solutions are 
added to*the blood, It seems then to be dependent upon a peculiar 
property of the discs, which only exists for a time coincident with 
the changes that accompany the appeararfte of fibrin. 

The shape of the discs changes when the density of the medium in 
which they are suspended is altered. When the density is reduced, 
as by the addition of water, they swell and become spherical, and 
break up the rouleaux, the colouring matter at the same time be- 
coming dissolved in the medium. (Fig. 100.) When the density 
is increased by slight ev aporation, or the addition of salt solution 
about 1 per cent. they cease to be concave, and become crenated or 
spiked like the green fruit of the horse-chestnut, (Fig. 101.) The 
addition of strong syrup causes the corpuscles to shrivel and assume 
a great variety of peculiar bent or contorted forms. (Fig. 102.) 
Elevation of temperature or repeated electric shocks causes peculiar 
changes in shape, but since the change is associated with the death 
of the element, it cannot be attributed to vital activity comparable 
with that which is seen in the white cells. 

The discs show no signs of structure under the microscope : they look 
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perfectly homogenous transparent bodies of a pale orange colour, all 
efforts to demonstrate the limiting membranes, formerly supposed to 





@ %” 
Fig. 100.—Microscopic appearance of the Fig. 101 eres Py effect of ee 
blood after the addition of distilled ration. 
water. Red Corpuscles become nated. a) Wate oll chants 
colourless or Lal are separate, and shape. 


ea The white are seen to be 
swollen round and granular with 
clear nuclei. 
surround them, having failed. Their behaviour when certain re- 
agents are added to the blood shows that the corpuscles have two 


constituents : (1) the colouring matter, Oxyhemoglobin ; and (2) the 
Stroma. The colouring matter may 


® be removed—as above stated, by water 
—from the corpuacle, and then leaves 
v a ~@& S a perfectly colourless transparent foun- 
x4 Q D dation or groundwork, which appears 
py JZ to be in some way porous, s0 as to 
hold the colguring matter in its inter- 
Fig. Pair Corpnaclos, es hive stices. The he a the a 
syrup. appearance of the uty 
co) eh nee ue removal of the ee are 
from the stroma is to alter the colour and increase the transpa- 
rency of the fluid. The oxyhwmoglobin now forms a transparent 
dark-red lakey solution, and the corpuscles, being quite colourless, 
are practically invisible. This transparency of the fluid does not 
depend on any change in the oxyhzmoglobin, but merely on its being 
dissolved out of the discs. This process, which is commonly spoken 
of as rendering the blood “lakey,” may be brought about by the 
following means. (1) The addition of about } its bulk of distilled 
water, to dissolve the colouring matter out of the stroma, which 
may then be rendered obvious by a weak solution of iodine. (2) By 
the addition of chloroform, ether, neutral alkaline salts, or alkalies. 
(3) By passing repeated strong induction shocks through the blood. 


(4) By Mpidly freezing and thawing the blood several times. 


METHOD OF COUNTING CORPUSCLES. 185 


All of these processes produce the same effect ; viz., the red matter 
leaves the stroma intact. Solutions of urea, bile acids, and heat of 
about 60° CO. seem to destroy the discs, 
and thus remove the colouring matter. 
Carbolic, boracic, and tannic acids cause ) Z ‘ay 7 
the colouring matter to coagulate and =... Oe: 
localise itself either at the centre or OD ants 
margin of the corpuscle. (Fig. 103.) pe eee ee 

gin eer of diaes in the blood of |" Was 
man is enormous, namely, in a cubic rig. 108,—Blood Corpwele after 
millimetre of blood, about 5 millions the addition of tannic acid. 
for males, and 43 millions for females, 
or about 250,000 millions for one yound of blood. The number 
varies much, not only in disease, but also as a result of the many 








Fig. 104.—Malassez’ Apparatus for the Enumeration of Blood Corpuscles. 
a. Measuring and mixing pipette. np. Flattened and calibrated capillary tube. 


physiological processes, such as changes in the amount of plasma, 
brought about by pressure-differences, &c. 

In order to count the corpuscles the following method is employed. 
The blood is diluted with artificial plasma to 100 or 1,000 times its 
volume, and the corpuscles in a portion of the mixture carefally 
measured off by a capillary tube, and counjed. This operation re- 
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quires great care and delicate apparatus, One of the best- 
knows, yuesthods is that of Malassez, the details of which are as 
follow ~~ 

Blood is drawn into the capillary tube of a specially prepared 
Gelieate pipette (Fig. 104, a) up to a mark which indicates yj, part of 
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Fig. 105,—The appearance presented by the Capillary Tube of Malasee# Apparatus 
when filled with &ituted blood and examined under a microscope magnifying 100 
diameters provided with an eye-piece micrometer, 


the capacity of the pipette. This known quantify of blood is then 
washed into the bulb of the pipette by drawing up artificial serum to 
fill the bulb, where the fluids are mixed by shaking about the fine 
bead contained in the bulb. Some of this mixture is then allowed 
to pass into a flattened capillary tube of known capacity fixed on a 
slide, and the number of corpuscles in a given length of this tube at 
two or three places is carefully counted. The important question, 
how much oxyhemoglobin exists in a given sample of blood, can be 

by diloting a drop until the colour equals that of a 
standard solution of known strength. 


OXYHEMOGLOBIN, 187 


Curmistry or THE CoLovunING Marrer or THE BLOOD. 


Of the chemical constituents found in the red blood corpuscles, the 
red colouring matter is by far the most important. To it alone the 
blood owes one of ita most important fanctions—the respiratory. 

Oxyhemoglobin is a chemical compound of great complexity, and 
of which the per centage composition is given as— 


Carbon : & ‘ : . 53°85 
Hydrogen . . wtieti(tsti‘«éiT DB 
Nitrogen .  . «wt O61? 
Oxygen . P -. «& . . 21°64 
Sulphur. . . . . ‘39 
Iron ° ; : ; eH °43 


Its rational formula is unknown, but the following has been pro- 
posed as approximate, Cy, Hyeg Nis, Fe S, O75. It is commonly 
regarded as a form of globulin, associated with a coloured material 
containing iron, called Hgmatin. Its chief peculiarities are (1) that 
although it contains a colloid substance, it crystallises more or less 
readily in all vertebrates when removed from the stroma of the cor- 
puscles ; (2) the considerable amount of iron it contains (04 per 
cent.) ; (3) the remarkable manner in which it is combined with 
oxygen te form an unstable compound ; and (4) the ease with which 
it yields its oxygen to the tissues and takes it from the air. 

The readiness with whieh the oryhemoglobin crystals are formed 
varies much in different animals and under different circumstances, 
as may beeeen from the following list— 


Most readily—guinea pig, rat, mouse. 
Readily—cat, dog, horse, man, ape, rabbit. 
With difficulty—sheep, cow, pig. 

Not at all—frog. 


The presence of oxygen causes the crystals to form more rapidly, 
so that a stream of oxygen passed through a strong solution of 
hemoglobin causes amall crystals of oxyhmmoglobin to form. 

The crystals always belong to the rhombic system, being most 
commonly plates (man, &.) and prisms (cat), and rarely tetrahedra 
(guinea pig) and hexagonal plates (squirrel). 

The colour of the crystals and their solution vary according 
to the light by which they are looked af. By reflected light 
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they tre bluish red or greenish in colour, and by direct light, 
The ation of oxyhemoglobin crystals is accomplished by first 
scpating the colouring matter from the corpuscles by freezing, or 
the addition of water or 


ether, and rendering it 
A . less soluble by evaporation, 
cold, and the addition of 
<= alcohol. 
For microscopic obser- 
vation it generally suffices 


to kill a rat with ether, and 
expose a drop of the blood 
- diluted with distilled water 


un a slide until half dried, 
and then cover. Crystals 
a ich sink ieceale viewing the variety toc of «appear in the fluid as it be- 
crystals—z, guinea pig; 2, man; 3,squirrel. © comes moze concentrated. 
The combinations which 
hemoglobin enters into are numerous, and throw much light upon 
the function of the corpuscles, 

As already stated, the colouring matter, when exposed to the 
air, combines with oxygen to form a loose chemical compound 
called oxyhemoglobin. This is the condition in which the colour- 
ing matter of the blood is commonly met with. Although so prone 
to combine with oxygen, the oxyhsemoglopin very readily parts with 
some of it. In the circulation it is always united with oxygen, 
normally leaving the lungs in a state of saturation. On its way 
through the capillaries of the tissues, it parts with some of its oxygen, 
becoming more or less reduced (hemoglobin), but even the most 
venous blood always contains some oxyhzmoglobin. 

The oxygen can be removed by reducing the pressure under an 
air pump, or by exposing the solution to a mixture of nitrogen and 
hydrogen. Various reducing agents rob the oxyhzemoglobin of its 
oxygen ; and if blood or a solution of oxyhsmoglobin be sealed in a 
glass tube so as to exclude the air, the loose oxygen is taken up by 
some of the other constituents of the blood, and the oxyhzemoglobin 
becomes gradually reduced to hemoglobin. This depends on the 
puteeigetive changes in the proteida, and may be prevented by 
carefal aseptic precautions. If the reduced hemoglobin be shaken 
for a few moments with air, the bright colour characteristic of oxy- 
hemoglobin soon reappears, and if the reducing agent be not in- 











SPECTRA OF HEZMOGLOBILNS, 189 
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F 3. 107,—The Spectra of Oxyheemogiobin, reduced hemoglobin, and CO-hempglobin. 


8 
1, 2, 8, and 4. Oxyhesmoglobin increasing in strength or thickness of eolution. 
&, Reduced hemoglobin. , 0. CO-heemogiobin. 





Sinen; the heomoglibin yuing through the changes whic 
Siilidein it during normal respization. 
Mi‘auion of oxygén with hemoglobin solutions is not mere 
wuties of the oxygen by the liquid, but a definite chemical com- 
inaiieh, This ia seen from the following facts :—(1.) When the 
preushias ia removed the oxygen does not come away from the liquid 
in siieitdance ‘with the law which governs the escape of absorbed 
gas tpide p. 198), (2.) The two eubstances give a different result 
whet wxamined with the 





The reduced heemoglobin 
gives one wide diffuse band, which lies between the D and E lines 
of the solar spectrum, and much of the violet end is cut off. This 
spectrum, which is characteristic of redaced hemoglobin, is replaced 
by two bands when the hemoglobin combines with oxygen— 
one broad band in the green near E, and a narrow one, more clearly 
defined, in the yellow close to the D line; both bands lie between 
D and E. With strong solutions the spectrum is darkened at either 
extremity, and the two bands become wider and tend to fuse 
into one. (3.) Further, the oxygen may be replaced by other sub-' 
stances which unite with the hemoglobin. One of the most im- 
portant of these is carbonic oxide, which forms a much more stable 
compound with hemoglobin than oxygen. It is of a bright cherry- 
red colour, and has two abeorption bands in the spectrum very 
like those of oxyhxmoglobin ; that in the yellow is, however, 
removed a greater distance from the D line towards the violet 
end. 
I¢ is this compound which is formed in poisoning with carbonic 
oxide, The CO occupying the place of the oxygen, thys destroys 
the function of the blood corpuscles. CO-hxmoylobin may be dis- 
tinguished from O-hemoglobin by not being reduced by reagents 
greedy of oxygen, and by the bright red colour which appears 
when 10 per cent. solution of caustic soda is added, and the mixture 
heated. O-hsemoglobin gives a muddy brown colour under the same 


treatment, 


Decomrosrrion or HAMOGLOBIN. 


Seentglobin may easily be broken up into two constituente— 
malty, <#) = colourless substance which is nearly related to the 
class Of proteids called globulin, and @)4 blackish red amorphous 
material called Hamatin, which contains all the iron of the hremo- 


globin, 





| HAMATIN, HAMIN, &C. T91 


This change is brought about by whatever causes the coagulation 
of albumin, such as the addition of acids, strong alkalies, and heat to 
"70° C. 


Hamatin, &c. 


Heematin is a secondary product, being the result of the oxidation 
of a substance called hsemochromogen, which is the first out- 
come of the decomposition of the hemoglobin. Heomochromogen 
can only be obtained in an atmosphere of hydrogen or nitrogen, 
as it immediately takes up oxygen to form hematin. The 
formula O,, H,, N, Fe, Oj. has been given for hematin. It dis- 
solves in weak alkaline and acid solutions, but not in water or in 
alcohol, 

Hwmatin is readily prepared by mixing acetic acid with a strong 
solution of hemoglobin, which becomes a dark brown colour. The 
dark hematin can be removed by ether. But if the acid used be 
strong the solution of hematin is found to be free from iron. This 
iron-free hematin Preyer calls hematcin. If now the acid hematin 
solution be eaturated with ammonia, the iron ayain becomes united 
with the hzematoin, forming alkali-hematin. 


HeMIN. 


e 

Hematin unites with hydrochloric acid to form a crystallizable 
body called hemin or kydrochlorate of, 
hematin (Teichmann’s crystals). 

Tf blogl or dry hematin be mixed with 
a small quantity of common salt, a drop 
of glacial acetic acid added, and the mixture 
boiled, small characteristic crystals appear 
which have been fqgund to be produced by 
the union of two atoms of hydrochloric 
acid with the hematin. 

The formation of these crystals is very 
easily accomplished with a small quantity 
of old dried blood; therefore this substance becomes, in medico~ 
legal inquiries, an important test for blood stains, 

Crystals of a substance called Heomatoidin are formed in old 
bloo.l-clota retained in the body. It does not contain any iron, and 
has the chemical formula C,, H,, N,O,. It is probably identical 
with bilirubin, one of the colouring matters feund in bile. 
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GLOBIN. 


This name has been given by Preyer to the proteid part of the 
hemoglobin, on account of ite slightly differing from globulin, though 
it resembles it in being precipitated by the weakest acids, even 
carbon dioxide. 


CHEMISTRY OF THE STROMA. 


The stroma forms only about 10 per cent. of the solid parts of the 
corpuscles, the rest being hemoglobin. The proteid basis of the stroma 
is probably mostly made up of a globulin, also containing lecithin, 
cholesterin and fats in minute proportions. There is little more 
than one-half per cent. of inorganic salts in the red-blood corpuscles, 
of which more than half consists of potassium phosphate and chloride. 


DEVELOPMENT OF THE Rep Discs. 


In the early days of the embryo the blood-vessels and corpuscles 
appear to be formed at the same time from the middle layer of the 
blastoderm (mesoblast). They first consist of round, nucleated, colour- 
less cells, which subsequently become coloured, gradually lose their 
nucleus, and assume the characteristic shape of the red corpuscles, 
the rest of the original mass of protoplasm remaining as a rudi- 
mentary blood-vessel. 

In the later stages of embryonic life the red corpuscles‘ are said 
to be formed in the liver, possibly out of protoplasmic elements 
which are made in the spleen and thence carried to the liver by the 
portal circulation. 

In the connective tissue of rapidly growing animale—tadpole 
(Kolliker), rabbit (Ranvier), rat (Schafer) — certain cella can be 
seen to be connected in the form of a capillary network, and within 
the protoplasm of these cells red colouring matter is developed, and 
the particles of colour can soon be recognised as characteristic blood 
corpuscles, arranged in rows within the newly-formed networks, Thus 
isolated small networks of capillaries, consisting of a few meshes 
filled with blood corpuscles, are formed independently of the gencral 
circulation. 

These corpuscles and their hemoglobin are manufactured by 
isolated protoplasmic elements in the connective tissue, and subse- 
quently added to the general mass of blood by the growth of the 
network bringing it into continuity with the neighbouring vessels. 

In the adult the formation of red blood corpuscles is of course 


pies pape Se atti’ cmroscuns, 10 


| & 
carts dons active, mover ceaecs 40 take place in health, 
beh topo er” Hnewed as bob become worn out, ard 

LCaDpae function. This reproduction ean go 

witely peo gt rapidity, as we gee after severe hwmorrhiige, 
when the wormel richness in hemoglobin snd corpuscles is son. 
eile at. Their formation is, however, probably confined té a few 

organs—epleen, liver, red medulla of bones—where trans 

t forme are found in such numbers as to point to the probability 
of the red gerpuacles being the offspring of the colourless cells, whose 
protoplaam either manufactures anew or collects the necessary hamo- 
alobin, and, loses its nucleus and ordinary cellular 

We cam enly guess at the fate of the disca, but there are 
things which point to the spleen as the organ in whieh thay ary 
destroyed. In the spleen an enormous number of protoplaamis’ 
élements are produced, and the blood comes into relationship with 
the nascent cells in a way unknown in any other part of the bady. 
Further, various unusual elements, some like altered red corpuscles, 
others like white cells enveloping hemoglobin, are found iy, this 
organ. 

The blood corpuscles On coming to the spleen are possibly stth- 
mitted to a kind of preliminary test of general fitness, some elements 
of the spleen pulp having the faculty of examining their condition 
and deciding upon their fate. Many, no doubt, pass the trial without 
any chan ange being found in good working order. Others that are 
fonnd totally unfit are broken up, and their effete hemoglobin 
carried to Hed liver to be eljminated as bile pigment. Some possibly 
undergo a form of repair, a white cell taking charge of a weakly 
disc renews its stroma, adds to its haemoglobin, and carries it through 
the final proof in the liver, where it is chemically refreshed before 
going to the lungs for the load of oxygen which it has to carry 
to the systemic capillaries. 

s 












THe GASES OF THE BLOOD. 
These are present in two conditions: te. (1) dissolved in it in 
accordance with well-established physical laws,* and (2) chemically 
* 7, cate cumcied by tee gaes volume of a given gas independent of the 
Tab Ge sane Cnperahe fhe vue of «pa vanes nee bison 
6 of & 
ian nae regres ae ada aaa whoneed ty 0 Danis aaents estas 


the Po pas 
oe Wecronces as the temperature increases, thane’ 
to nat freer tet fares proportion to tho tonpemnhus baa 





bint eftsae the latter ape Tet loosely copsbined they may 

I hy Che same means aa the forier, and thus the oxygen, 
‘ide, anil nittegen can all bel removed by reducing the 
pene with’the airpamp. For this purpose « merourial pump myst 

MNO, te mekua of which 9 practivally perfect vacuum can be formed 
a2 Ghd genes obtained in a manner whick facilitates further analysis. 
wager they are found to measure about 60 volumes for every 
Poi of blood. 

“ Oaygen.—The amount of oxygen in the blood is found to vary 

mach ‘with circumstances, In arterial blood the quantity is much 
more constant, and always exceeds that in venous blood. It is 
estimated (at 0° C. and 760 mm. pressure) that every 100 volumes 
of arterial blood yield 20 volumes of oxygen, whilst the volume of 
of oxygen in venous blood varies from 8 to 12 per cent. 

The oxygen which comes off in the Torricellian vacuum exists 
in the blood in two distinct states :—(1) a very small quantity 
simply absorbed,—about as much as water absorbs under atmos- 
pheric pressure ; (2) chemically combined, in which state nearly all 
the oxygen exists, and forms with the hemoglobin a loose combina- 
‘tion called oxyhemoglobin. This oxygen therefore does not follow 
the laws of absorption by leaving the blood im proportion as the 
preteure is reduced, but at a certain point of reduction of pressure 
(20 mm. mercury) the oxygen comes off almost completely. 

Carbon Dioxide (CO,).—-The amount of carbon dioxide also 
‘varies more in venous than m arterial blood, for under certain cr- 
eumatandes (suffocation) it may rise to qver 60 volumes per cent., 
although ordinary venous blood on an average contains only 46 
volumes in every 100. On the other hand, the amount pf this gas 
in arterial blood varies little from 39 volumes per cent. 

The larger proportion of carbon dioxide exists in the plasma, where 
it mppears to be chemically combined with soda salts 

Nitrogen.—-The amount of nitrogen does not yary much, being in 
both venous and arterial blood about 1-5 volume per cent., anil it 
wield appear to be simply absorbed. 

Hor further details about arterial and venous blood, sce Respiration. 









CHAPTER XV. 


COAGULATION OF THE BLOOD. 


Iw speaking of the chemical relationship of the plastia (see p. 173), 
the formation of fibrin has been mentioned as the essential item in 
coagulation, and the relation of fibrin to its probable precursors has 
been discussed. Ifthe points there explained be borne in mind, and 
the presence of the corpuscles be taken into account, the various 
characteristics of the clot which forms when blood 1s shed into a 
vessel can be easly understood, and should require no further 
description. The great importance of the coagulation of the blood 
in pathological procefses makes it expedient, however, to consider 
more closely the steps of the process as well as the various circum- 
stances under which 1t occurs after its removal, as well ag in the 
living vessels, 

Before the formation of a perfect clot, blood may be seen after it 
is shed®to pass through three stages : 1, viscous; 2, gelatinous; 3, 
contraction of clot and separation of serum. 

The first stage is very shoit and in fhin layers of blood passes 
immediately into the second. With considerable quantities of blood, 
containéd in deep vessels the central parts take some little time to 
turn into o firm jelly, so that the completion of the second stage may 
occupy from one to thirty minutes. 

After from ten to fifteen hours the third stage begins; clear drops 
of serum appear about the clot which contracts until it forms but a 
comparatively small mass floating in the serum. If the jelly-like 
clot be disturbed, the serous fluid makes its appearance much sooner 
than the time just stated. 

During the formation of the clot under ordinary circumstances the 
corpuscles are entangled in the meshwork of fibrin, so that the 
gelatinous meas has throughout a dark red colour. 

If the coagulation takes plage elovely—as it does in very cold 
weather, in homes’ blood, or in human blood if removed from 
® pereon during fever—-then the heavigr red corpuscles haye 
time to subside to the lower layers of the clotting plasma, while the 
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white cells are caught in the meshes of the fibrin and remain in 
the upper layer of the clot, which then has the pale colour familiar 
to the physician in the old days of bleeding as the “buffy coat,” or 
erusta phlogistica. This bulfy coat contains a greater proportion 
of the elastic fibrin 
an soft white cells 
than the rest of the 
clot, and encloses 
but few red cor- 
puscles, therefore 
the fibrin can con- 
tract more com- 
pletely in this upper 
layer than in the 
deeper part of the 
clot, which includes 
the red corpuscles. 
The effect of this is, 
that the upper sur- 
face becomes con- 
cave,and a “cupped” 
clot isformed. The 
contraction of the 


clot proceeds ; 

Fig. 109.~-Reticulum of Fibrin Threads after staining has 1 ; DP d ef for 
made them visible. The network (/, appears to ia days, and in order 
from granular centres (a). (Runvier.) to see the characters 


described above the 
blood should be kept in a cool place and perfectly motionless. 

The contraction of the fibrin and separation of the serum can be 
made to take place much more quickly by gentle agitation causing the 
ends of the fibrin threads to separate from the sides of the veasel, but 
by thus disturbing the clot, during its formation, he corpuscles are 
displaced and escape into the serum, which is thus stained and 
cannot be seen in its clear transparent state. 

If brisk agitation with a glass rol—or better, a bundle of twigs— 
be commenced the moment the bluod is drawn, the fibrin is formed 
more rapidly, but the corpuscles are not entangled in its meshes, for 
as quickly as the elastic threads are formed they adhere firmly to the 
rod or twigs. Thus the fibrin is formed very rapidly, and the 
ordinary blood-clot, consisting of fibrin and the corpuscles, does not 
appear, for the fibrin is separated from the latter during the coagu. 
lation. We then have What is commonly spoken of as “ defibri- 


a 
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nated blood,” which does not give a clot. Not that the clotting has 
been prevented, but the material essential for the formation of a clot 
has been removed as quickly as formed, and instead of catching the 
corpuscles in the meshes of its delicate fibrils to form the clot in the 
ordinary way, the stringy shreds of filrin cling around the beating- 
rod asa jagged mass, The following tables show the relation of 
the different constituents of coagulated and defibrinated blood re- 
spectively :— 


Living Bloudes jFlssma = t . 


Serum (appearing as clear fluid). 
( Corpuscles 3 


Fibrin =n 
Corpuscles =Blood clot. 


Pl Fibrin (removed on the rod). 
Living Blood= (: ak a Serum = Defibrinated 
se aac Corpuscles § —_ blood. 


Many circumstances influence the rapidity with which a blood clot 
is formed. Speaking generally, the removal of the blood from its 
normal supply of nutrition and from the opportunity of preserving 
the necessary equiljbrium of chemical interchange between the 
corpuscles, the plasma, and the tissues—in short, circumstances which 
tend to injure the corpuscles or the plasma, and promote the changes 
resulting in their death—must hasten coagulation ; while, on the 
other hand, the conditions which protect the corpuscles and impede 
the steges in fibrin formation must retard coagulation. 

These may be arranged cateyorically, viz. 

e & 

A. Circumstances promoting coagulation :— 

If Contuct with foreign bodies ig of the first importance in hasten- 
ing coagulation. The greater the surface of contact with 
the vessel or the air, the more the corpuscles are exposed to 
injury, and the more rapid are the destructive chemical 
changes inducing fibrin formation, Thus a drop or two 
of blood falling on any surface so as to spread out in a thin 
layer clots almost instantly. 

2. Motion, by renewing the points of contact between the blood 
and the moving agent hastens coagulation. Thus, by 
whipping fresh blood, all the fibrin can be removed in a few 
minutes, and the detibrinated blood left without a clot. 

3. Moderate heat. The formation of the fibrin yenerators and the 
action of the ferment seem to go on more rapidly at 38° 
—40° ©, than any other temperature. ° 
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4, A watery condition of the blood causes rapid coagulation but 
& soft clot. This is seen in repeated bleedings or 
hemorrhages ; the blood which flows last clots first. 

5. The addition of @ small quantity of water by setting up rapid 
changes in the corpuscles accelerates coagulation. 

6. A supply of okygen.—Oxygen is used up in the chemical 
changes attendant upon the death of the blood, and its pre- 
sence aids the formation of firm clots, such as are produced 
in arterial blood. Exposure to the air in a shallow vessel 
facilitates coagulation, partly by extensive contact and partly 
by a free supply of oxygen. But exposure to air is not 
necessary, for blood collected in mercury, without ever 
coming in contact with the air, coagulates very rapidly. 


B. Circumstances which retard coagulation :— 


1. Constantly renewed and close inter-relationship with the 
lining of healthy blood-vessels alone affords the requirements 
essential for the preservation of the living corpuscles and 
plasma in their normal condition. 

2. When the blood is surrounded by healthy living tissues inter- 
changes may occur between them, and if the oxygen supply 
is deficient, coagulation is much delayed. Thus considerable 
quantities of blood effused into the tissues may be liquid 
and black for many days after its escape from the vessels. 
This dark blood clots on removal and exposure to the air. 

3. Low temperature.—The rate of coagyation decreases with a 
temperture below 38°C., and the process is checked at 0° C. 

4, A great quantity of water seems to render the action of the 
fibrin factors weak. 

5. The addition of egg albumin, syrup or glycerine, retards the 
process. 

6. The addition of concentrated solutions of neptral salts (about 
three volumes of 30 per cent. solution of magnesium sulphate) 
quite prevents coagulation. 

%. The addition of small quantities of alkalies. 

8 The addition of acetic acid until very slight acid reaction is 
obtained. 

9. Increase in the amount of carbon dioxide. This, together 
with the want of oxygen, explains why venous blood clots 
more slowly and loosely than arterial, and why the blood in 

the listended right side of the heart is commonly liquid 
after death from snffocation. 


CAUSE OF COAGULATION, 199 


10. The blood of persons suffering from inflammatory disease 
coagulates slowly, but forms a very firm clot. 


Since the blood coagulates spontaneously when removed from the 
body, the question now arises, how does it remain fluid in the blood- 
vessels ? 

Though this question has long occupied much attention, it is still 
difficult to formulate a definite answer. Nor can we expect to find 
any adequate explanation until we are better acquainted with the exact 
details of the origin of the fibrin generators. It must be remembered 
that the blood should be regarded as a tissue, made up of living con- 
stituents requiring constant assimilation and elimination for the 
maintenance of its perfectly normal conditions and life. One can 
confidently say that coagulation is the outcome of certain chemical 
changes concomitant with the death of this tissue, and that while 
the tissue lives no such changes take place. But such an answer 
ads little to our knowledge of the matter. 

Since constant chemical intercourse must be kept up between the 
blood and its surroundings in order to sustain the complex chemical 
integrity essential for ifs life, we cannot be surprised that its waste 
materials accumulate, and that it soon dies when shed, just as other 
tissues do when deprived of their means of support. The formation 
of a solid and the separation of a liquid form of proteid is in no way 
unusual as a first step in the decline from exalted chemical construc- 
tion, for similar changes occur in other tissues, and in protoplasm 
itself. The soft contractjle substance of muscle, probably during its 
contraction, and certainly at its death, tends to undergo almost exactly 
the samy kind of change as the blood in coagulation. 

If we knew accurately the nutritive process taking place in the blood 
itself, and with which of its surroundings it keeps up chemical inter- 
change, the answer would be much simplified. But we have in the 
blood three clemeynts that probably have different modes of assimila- 
tion and elimination, viz., plasma, white cells, and red discs, But 
we practically know nothing of the changes they undergo during 
their nutrition ; or whether their tissue changes have any necessary 
relation to those of the neighbouring tissues. We do know, however, 
that there exists some very intimate relation between the membrane 
lining the vessel walls and the contained blood, They seem to re- 
quire frequently repeated contact one with the other in order that 
the normal condition of buth may be maintained in perfect, vital, 
integrity. Thus fresh supplies of blood are required by the vessel 
wall, for when deprived of its nutriment bya stoppage of the blood- 
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flow, it soon loses its power of retaining the blood, apd admits of 
extravasation ; and renewed contact with the vessel wall is equally 
necessary for the blood, for the cells congregate, and the plasma, 
when the stasis becomes injurious to the intima, coagulates. Pro- 
bably the chemical changes going on in the one are useful for the 
nutrition of the other, and that they mutually supply one another 
with some material essential for their life. This is apparent in those 
cases where coagulation takes place during life in the vessels. It 
never occurs so long as the intima of the vessel is perfect, and the 
blood-flow constant, but it follows lesion of this delicate membrane, 
whether caused by injury or by mal-nutrition. 

The gradual occurrence of this impuirment of function of the 
intima can be watched under the microscope in the small vessels of a 
transparent part during the initial stages of inflammation. Owing 
to the arrest of the flow of blood, the walls of the small vessels suffer 
from defective nutrition, and may be seen to allow some elements to 
escape, while the discs adhere together and the blood coagulates. 

In the larger vessels the same thing occurs when inflammation of 
their lining membrane destroys its capability of keeping up the 
necessary nutritive equilibrium. Thus clots form on the inner lining 
to the walls of an inflamed vein, often crowing so as to fill the entire 
vessel, and give rise to a condition called thrombosis. 

On the left valves of the heart and in the arteries, where the 
delicate intima is subjected to great mechanical strain, it is 
common enough to find slight injuries of it covered over With thin 
clots. To the: surgeon this mutual nutrition of intima and blood is 
of the utmost importance In studying the occlusion of versels, for it 
is upon this fact he hus mainly to depend for the stoppage’ of hamor- 
rhage from a wounded artery. A tizhtly-tied ligature either injures 
the inner coats mechanically, or starves the intima by checking the 
flow of blood through the vessel up to the next branch, and that 
portion of the vessel is filled with stationary blood, which soun clots 
and forms an adherent plug. Butif the ligutme be ‘applied too loosely, 
a alight blood current passes throuzh the point where the vessel is 
tied, and this suffices for the nutrition of the intima by the renewal 
of the blood’s contact, so that no clot is formed, the vessel is not 
closed, and most probably when the ligature hus cut through the 
outer coat, secondary haemorrhage occurs. 

It has also been shown that if any forcign substance, such as 
thread, be introduced into the blood while circulating, a coagulum 
will form around it. From this it would appear that the presence 
of a substance which capnot carry on the necessary chemical inter- 
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course with the blood will excite irritation in its elements, and so 
effect slight local death of the plasma and the production of fibrin. 

The time required for the production of intravascular coagulation 
as a result of mere stasis is happily long, for it has been found that 
the blood current may be stopped in a limb, by pressure or otherwise, 
for many hours without coagulation occurring. Indeed, cases have 
occurred where a tight bandage hasstopped the circulation for an 
entire day without coagulation taking place. This is explained by 
the fact that so long as the intima lives, the blood remains fluid ; in 
short, the tissues die before the blood clots in the vessels. 

The tissues continue to live for some time after an animal is dead, 
and so we see the blood remains fluid in the vessels a long time after 
death ; in fact, as long as the vessel wall can nourish itself and live. 
Thns it has been shown that the blood in a horse’s jugular vein 
separated by ligature from the circulation, and removed from the 
animal, will remain fluid for fully twenty-four hours. 

In shld: Loaded animals the tissues live for even a longer time. 
The heart of the tortoise, if kept under suitable conditions, will 
beat for two days when removed from the body, and, as Bracke has 
shown, blood contained fh it will remain fluid until after the heart is 
dead, 

If the details of fibrin formation be followed within the blovud- 
vessels, it is found that the injured spot or foreign body first becomes 
covered over Ww ith white corpuscles, around which threads of fibrin 
appear atfiched to the rough surface. As more fibrin is formed and the 
layer thickens, only a few cells can be see nin its meshes, but a great 
number always exist on the surface of the new fibrin, forming a layer 
between it and the blood. It is, moreover, remarked that coagulation 
has some relation to the abundance of white cells in all spontaneously 
coagulating fluids, The more cells, the firmer the clot. In patho- 
logical exudations also, and those acute serous collections which co- 
agulate on removal from the body, fine granular threads of fibrin 
seem to start from the white cells, and r radiate from them ina stellate 
manner. 

Alex. Schmidt believes that a great number of white blood cells 
undergo chemical disintegration the instant the blood is shed, and 
he considers that the fibrin ferment, and probably other fibrin gene- 
rators, are the result of the destruction of these weak cells; and he 
excludes the red corpuscles from taking any share in the process. 

However, there is good evidence that the plasma and the dises can 
give rise to all the fibrin factors, and we know that in the circulation 

white cells must be destroyed and yet cause ny coagulation. 
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Moreover, if some blond be allowed to flow into a fine capillary 
tube, the white cells can be seen to move away from the red discs, 
and the formation of the clot—a delicate fibrin network enclosing 
the discs—may be watched. Here the white cells exhibit manifesta- 
tions of life for a considerable time after the clot has been formed, 
and their death could not have been the source of the fibrin factors. 

In, conclusion, then, we can only suppose that as in other tissues 
some chemical changes must go on in the elements of the blood. 
These changes give rise to new products which may produce fibrin, 
and hence cause coagulation. But so long as the elements of the 
blood are freyuently brought into close relationship with a healthy 
vessel wall, the fibrin factors are either produced in such small 
quantity as to be ineffectual, or they are altered, destroyed, or taken 
up by the intima and possibly utilised for its nutrition. When the 
blood is removed from the vessels, the production of the fibrin factors 
proceeds effectually, either on account of the blood elements under- 
going destructive changes, and accumulating the products—fibrin 
generators ; or owing to the impossibility of re-integration, the fibrin 
factors suddenly appear as a product of lethal chemical change or de- 
composition. 

In accepting the first view, we only adopt the theory of John 
Hunter, who thought coagulation was an act of life. If we adopt 
the other view, we must needs say it is an act of death. But, after 
all, this is a mere difference in degree, for how can we distinguish 
between the failure of a tissue to 1¢-integrate or repair fts normal 
chemical changes upon which its life de rend, and the inevitable 
result of this failure (if ‘prolonged beyond a certain puint) namely, 
its death ? 

When white cells congregate at a point from which the intima is 
stripped from a vessel, their more active exertion possibly produces 
more ferment, &,, and at the same time they remain at the injured 
part of the vessel wall, and the removal of the fibrin factors cannot 
occur, since the intima is destroyed ; hence, local clots are formed 
which extend over the injured surface, and Ly a process of organisa- 
tion, probably the repair of the denuded patch can be accomplished. 


CHAPTER XVI. 
THE HEART. 


THE course taken by the blood on its way to the various parts of 
the body is called the circulation, on account of its having to make 
repeatedly the circuit of vessels leading from and to the heart. The 
heart is the great motor power which drives the blood through all 
the vessels, of which there is one set leading from and to the organs 
of the system generally, and another set leading to and from the lungs. 

Anatomists speak of two circulations—the greater or systemic, and 
the lesser or pulmonary. However, if we follow the course of the 
blood, we see that both these sets of vessels really belong to the one 
circulation, and in fact form but one circuit. The blood passing 
through the lungs and systemic vessels consecutively visits the heart 
twice on its way, in order tp acquire the force necessary to overcome 
the resistance of the two sets of capillaries. Although in all the 
higher animals the heart forms but a single organ, it practically 
is composed of two muscular 
pumps which are anatomically 
united but distinct in function. 
In its course round the circula- 
tion the bluod visits each of these 
functionally distinct Jhearts at 
quite differegt parts of its circuit. 
The right heart is placed before © 
the pulmonary vessels and pumps 
the blood through the lungs. The 
left heart is placed before the Fig 110.—Diagram of Circulation, showing 
systemic vessels and pumps the right (n.u.) and left (L.1.) hearts, and 
blood through the body generally, {ve Pummonary (v) ee eee 

‘ pillaries. 
Thus anatomically there appear 
to be two circulations and but one heart ; physiologically there is 
one circulation and two hearts ; or two points of resistance and two 
distinct pumping organs to drive the blood through the obstacles. 

The circulation might then be represented by a simple diagram (Fig. 
110) in which the direction of the current is indicated by the arrows. 
L. H. shows the position of the left or systemic pump, and §, the resist- 
ance in the systemic vessels, R. H. represents tae pulmonary pump 
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and P. the second obstacle in the circuit, viz, the vessels of the 
lungs, 

However, it must be remembered that the right and left pumping 
organs are fused into one viscus, which has two distinct and separate 
channels for the passage of the blood through it. In each system of 
blood vessels we have the same general arrangement for the distri- 
bution and re-collection of the blood. 

In passing from either the right or left side of the heart thebloud 
flows into tubes called arteries, which divide and subdivide until 
the branches become microscopical in size. From the very minute 
arteries the Dlood passes 
into the capillaries, which 
cannot be said to branch 
but are arranged so as to 
form a network of delicate 
tubes with more or less 
close meshes, according to 
the part. 

Connected with the 
meshes of the capillaries 
are other small vessels 
which collect the blood 
from the networks (fiv.111). 
These unite one with an- 
other to form larger vessels 
which again are but the 
tributaries of the larger 
veins which hear the blood 





: fs 
Fig. 111.—Capillary Network of the Choroid of a 


Child of a few months old. (Cadut.) back to the heart. 
(a) Artery. (4) Vein, and capillary network About three hundred 
intervening. years ago the true course 


of the blvod current through the systemic and pulmonary heart, 
arteries and veins, so as to form one circle, was demonstrated by 
Harvey. Before his time only the so-called “lesser” or pulmonary 
circuit was known, But the maynifying glasses at his disposal did 
not enable him to see the capillaries which were first described by 
Malpighi some fifty years later. 

In the hope of making the general differences of functions more 
striking, the various purtx of the circulatory apparatus may be 
enumerated according to their several duties and roughly illustrated 
by a diagram :— 

lL. The left (systenic) heart (L. H.) pumps the blood into the 
systemic arteries, and thus keep these vessels over-filled. 
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2. The larger systemic arteries (A.), by their elasticity exert 
continuous pressure on the blood with which they are distended. 

3. The smaller systemic arterioles (A'.), by their vital contractility, 
check and regulate the amount of 
blood flowing out of the larger 
arteries into the capillaries, and 
thus keep up the tension of the 
larget arteries. 

4. The systemic capillaries 
(S. C.), where the essential ope- 
ration of the blood is carried out, 
viz., the interchange between it 
and. the tissues. 

5. The wide systemic veins 
(V.), are the passive channels 
conveying the impure blood to 
the pulmonary heart. 

6. The right (pulanonary) heart 
(R. H.), pumps the blood into 
the pulmonary arteries and 
over-fills them. 

7. The pulmonary arteries 
(P.A.), press steadily upon the 
blood and force it through the 
following, viz., 

8 Small pulmonary arterjples . 
(P.a.), which regulate the flow Fig. 112—Diagram of the Circulation of 
into the capillaries. Pa Lely VO cei 

9. The pulmonary capillaries 
(P. C.), where the blood is exposed to the air, and undergoes active 
gas-interchange, 

10, The pulmonary veins (P. V.), carrying the blood to the left 
heart, and thus completing the circuit. 

Lh. indicates the lymphatics, which drain the tissues, and Le. 
the lacteals, which absorb from the stomach and intestines (I), 





Although the blood enters the arteries hy jerks, the motion through 
the capillaries is constant. The reason of this is, that the artcries are 
constantly overfull, their elastic walls being distended by the pump- 
ing of the heart, which fills the aorta and arteries more quickly than 
they can empty themselves, until the adequate pressure is attained 
through the contracting arterioles. The arterioles are the chief 
agents in resisting the outflow, and keeping up the arterial pressure, 
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Tar Heart. , . 


The heart of man and other warm-blooded animals may be said to 
be made up of two musclar sacs, the pulmonary and systemic hearts, 





Fig. 113.— Interior of Right Auricle and Ventricle exposed by the removal of 2 
part of their walls. (Allen Thomson.) 


1, Baperior vena cava. 7 5, 5’, 6”. Flaps of tricuspid valve. 

2, Inferior vena cavu. P 6, Pulmonary artery, in the wall of which 
2. Hepatic veins. a window has been cut. 

3, 3, 3”, Inner wall of right auricle. 7. Placed on aorta is near the ductus 
4, 4, Cavity of right ventricle. arteriosus. 

@. Papillary muscle, 


or,as they are commonly termed, the right and left sides of the heart, 
between which no communication exists in the adult. Each of these 
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sacs may be divided into two portions: the one, a kind of ante- 
chamber, which receives the blood from the veins, is called the 





Fig 114 —The left Awucle and Ventnicle opened and part of their walls remosed 
to show their cavities. (Allen Thomson.) 


1. Right pulmonary vein ent short. 5, #. The other muscles 
I’. Cavity of left auricle 6 One eee he ctl valve 
3. Thick wall of left ventricle. 7. In aota is placed over the semiluncr 


+. Portion of the samo with papillary muscle valves, 
attached, laa 


auricle, and has very thin walls; the other, the ventricle, is the 
powerful muscular chamber which pumps the blood into the aorta 
and distends the arteries. (See figs, 113 andel14.) 


208 MANUAL OF PHYSIOLOGY. 


In the empty heart the great mass of the organ, which forms a 
bluated cone, is made up of the ventricles, while the flaccid auricles 
are fonnd retracted to an insignificant size at its base. The four 

vities have about the same capacity, namely, about six ounces or 
eight cubic inches when distended. 

The walls of both the auricles are about the same thickness, while the 

ount of muscle in the wall of the ventricle differs materially on 
thte two sides. The wall of the left ventricle, including that part which 
ok the interventricular septum, is nearly three times as thick as 
that of the right or pulmonary ventricle. 


4 


; ARRANGEMENT OF MtscLe FIRRES. 


a 


\ 
At the attachment of each auricle to its corresponding ventricle there 


is situated a dense ring of tough connective tissue, which surrounds 
the openings leading from the auricles to the ventricles, Similar 
tendlinous rings (zona tendinosa) exist around the orifice of the aorta 

pulmonary arteries, These tendinous rings form the basis of 
at ent for the muscle bundles of the walls of both the ventricles 
and, auricles. 

oe ventricles many layers of muscles can be made out. The 
vatér fibres pass in a twisted manner from the base towards the apex, 

"’"sre they are tucked in so as to reach the inner surface of the ven- 
tricular cavity. They then pass back to be attached at the base ; some 
passing into the papillary muscles are connected with the canting 
valves through the mediug) of the chordw,tendinie ; and the others 
forming irregular masses of muscle on the inner surface of the cavity, 
pass in various directions towards the base, to be fused with the ten- 
dinous rings around the arterial orifices, Another set of layers passes 
transversely around the ventricle lying between the inner and outer 
sets, and passing nearly at right angles to them. 

The muscle fibres forming the thin auricular walls have their 
origin from the zones of the auriculo-ventricular orifices, and pass 
very irregularly around the cavities. The outer set of fibres have a 
transverse, the inner a longitudinal direction. Bands of fibres encircle 
the orifices of the great veins, and extend for some little distance 
along the vessels, particularly on the pulmonary veins, which have 
thick circular muscular coats after they leave the lungs. 

The fibres of the auricles are not directly continuous with those of 
the ventricles, the auricular and ventricular fibres being only related 
to each other by their points of origin, viz., the auriculo-ventricular 


fibrous zones. 
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Minvure STRUCTURE. 


The muscle tissue of the heart differs both in structure and mode 
of action from the other forms’‘of contractile tissues of the body. The 
elements are firmly united with 
one another to form an irregu- 
lar close network, which, how- 
ever, can be broken up into 
masses easily recognisable as 
peculiar cells, These cells are 
irregular prismoidal blocks with 
blunt ends, often split imto two 
to allow of connection with the 
two contiguous cells. They con- 
tiin a distinct nucleus, situated 
in the central axis of the cell. 
The cells are not surrounded by 
a distinct sheath of sarcolemma. 

Though striated, like the 
skeletal muscles, the action 
of the heart muscle is pecu- 
liarly independent of the great 
nervous centres, being quite 





Fig. 115 —Strated Muscle Tissue of t 
Weurt, xhowing the trellis-work 


involuntapy, and characterised formed by the short branching cells, 
by a definite periodicity, Its With central nuclen. 
contraction is very slow swlicn ° 


compared with the skeletal mn-cles, but it is much more rapid 
than tha. of the contracting tisues of most of the hollow 
AISCETA. 

VALVES. 


The orifices which lead into and out of the ventricles have peculiar 
arrangements of their Hning teature, forming valves which allow the 








mre of two kinds, dittering completely in their mode of action. 
#One kind directs the passaye of the blood from the auricles to the ven- 
ricles, the other guards the openings into the great arteries. The 
furiculo-ventricular openings are protected by valves with a sail- 
like action. These are made up of delicate curtains furmed of thin 
Bheets of connective tissue arising from the margins of the auniculo- 


Wentricular openings, which form the fiacd attechment cf each of the 
Pr 
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curtains of the valves. The free edges and ventricular surfaces of the 
curtains are blended with the tendinous cords coming from the papil- 
lary muscles, and thus give points of tendinous attachment to some 
of the bundles of muscle fibres in the wall of the ventiule. At the 





Fig 116 —Portion of the Wall of Ventricle (7d and Aorta (adc , showing attach- 
ments of one flap of mitral and the aortic valves, (4 and 7) papillary mnuscles , 
(*,¢, and 7, attachment of the tendinous cords, (Allen ‘Thomsun ) 
right auriculo-ventncula: opening there are three chief curtains; 
hence it is called the “tricuspid” valve (Fig. 117, Rav). The open- 
ing from the left auricle to the left ventricle, which is about one-third 
smaller, is guarded by two large valvular flaps, and is hence called 
the “bicuspid,” or more commonly “nutral” valve (Fig. 116). 
The arterial valves are made up of three deep pockets with free semi- 
lunar margins looking towards the vessel. The curved base of each 
pocket is attached to the arterial orifice of the ventricle, with the 
lining membrane of which it is continuous. 
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ACTION OF THE VALVLS 


The mode of iction of the flyps of the tricuspid and muti 11 valves 
is ike that of a litcen sul of a boat, if we substitute the blood str am 





Taig 117° —Ihe Onafices of the Heart seen from below the whole of the venti lev Ix ine 
cut way and the curtam® of the vmiculo-s Phicula: ydves drawn d wn by 
thrcads attached to the chorda tendinue  Hualcy ) 


7 13) Myht aurvulo-ventricul a openmg surrounded by the flips of tricuspil 
Jv) Lett aunculo-ventiicuar opening and attached mitral valve 
21° Pulnonury valves when closed {to Aortic valves closed 


for the an curimnt, the tendmous cords actmgz as the © shect’ 01 
rope Which 1estrams the sail when filled with wind 

The blood diiven im from the vwuricle at first pushes the curt uns 
of the valves against the ventricular wall, and immediately fills the 
ventiwle As the ventricle becomes distended the tendinous cords 
coming from the elastic papillary muscles are put on the stretch, and 
draw the valve curtains away fiom the will of the ventucle ito the 
midst of the fluid. When the ventnele begins to contiact upon its 
contamed blood, the pressure of the fluad belhes out the sail-lhe 
valves towards the auricles, so that then convex sides come mto close 
apposition with one another Their free margins ue held firmly by 
the papillary muscles contracting and tightenmg the cords The 
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flaps are kept at much the same tension by the papillary muscles 
shortening in proportion ag the ventricle empties itself and the 
cavity dimimishes in size. By this mechanism the valves are pre- 
vented from bulgmg too much into the amcles, 02. allowing the 
blood to pass bach into them 

The semlunar valves are mcre membi nous pockcts, and have no 
tendinous cords attached to them, but on account of the extent of 
their curved attachment, when their lunitcd fiee margin 1s made tense 





‘+, a” \ 
6 Zi 3 
€ © 24S 
Fig 1)8 ~The Onifices of the Heart sccn fioin a) sve t oth the auicles and the great 
vessels beingremoved {(Hualey } c 
71 Pulmonary artery and its sennlunai valves 1 Aorta and its valves 


714, Tricuspid, und / 11 } scuszid valves 


ly the pocket bein, filled from the aitcry, the vilvce cm only pass 
1 given distance from the wall of the ve-sel ind are thus held firmly 
in position. When the force of the blood leaving the ventricle begs 
to diminish, the scnnlunai flaps arc 1 uscd from the distending wall of 
the artery ; and the momcnt the current fiom the ventiele ha» ceased 
to flow, the poch« ts are forcibly distend: d by the aortic blood pressure 
and bulge into the lumcn of the vessel, so that the conver surface of 
the lunated portions of each vilve 1s pressed against « orresponding parts 
of its neighbour, Thur union then, which 1s accomplished by their 
overlapping to some extent, forms thre straight radhating lines, and 
18 a perfectly impervious bamicr to iy backward flow of blood 
(Fig 114, pa. and ao )f 
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MovEMENTs OF THE HEART, 


It is only by means of thexce valvular arrangements that the heart 
is enabled to perfurm its function, namely, to pump the blood in a 
constant direction onwards, emptying the veins and filling the arteries 
against great opposition on tle part of the latter vessels, 

This pumping is carried on by the successive contractions and 
relaxations of the muscular walls of the various cavities, 

The blood, flowing from the systemic and pulmonary veins, passcs 
unopposed into the right and left auricles respectively. As soon as the 
auricles are full their walls suddenly contract and press the blooil 
into the right and left ventricles ; immediately the ventricles contract, 
and, pressing upon the blood, force it into the great arteries, 

The contraction of each puir of cavities is followed by theirrelaxation. 

The blood cannot pass back into the veins from the auricles when 
they contract, because the auricular contraction commences in the 
bundles of muscle which surround the orifices of the great venous 
trunks ; and it cannot flow back to the auricles, because, as has been 
seen, the furce of the blood current on its entry into the ventricles, 
by making tense the cords, closes the valves ; while a backward flow 
from the large arteries is at once prevented by the current distending 
the semilunar pockets, and thus firmly closing the valves, 

When viewed for the first time, the beat of the heart appears to be 
a singlegct, so rapidly does the ventricular follow the auricular beat. 
More careful examination shows that this single action is composed 
of different phases of awivity and repose, which together make up 
the cycle of the heart beat. The time occupied by the contraction of 
the caviéies of the heart is called their systole, their period of rest i> 
called dvastole. 

The systole of the corresponding cavities of both sides of the heart 
is exactly synchronous; that is to say, the two auricles contract 
simultaneously, and immediately the contraction of the two ventricles 
follows like that of the two auricles as a single act. 

The auricular aud ventricular contractions are separated by so short 
a space of time that it is not easily appreciabl2, The rapidly suc- 
ceeding acts of auricular and ventricular systole are followed by a 
period during which both auricles and ventricles are in diastole, 
which is commonly spoken of as the passive interval or pause. 

While the auricles are contracting the ventricles are relaxed, and 
the relaxation of the auricles commences immediately the ventricular 


contraction begins, so that only for a very shor time both auricles and 
ventricles are contracted. 
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The entire cycle or revolution of the heart-Leat, occupying nearly 
a second in the healthy adult, may be divided into three stages :— 
Auricular systole. 
Ventricular systole. 
General diastole. 


The exact time occupied 
by each phase of the cycle 
can only be calculated ap- 
proximately, This may 
he done either by register- 
ing graphically the motions 
of the auricles and ventri- 
cles directly communicated 
to levers brought into con- 
tact with their surface, or 
by recording giaphically 
the pressure changes which 
oveur within the cavities 
hy introducing into them 
little elastic sucks filled 
with air, whence the pres- 


Fig. 119.—Curyes drawn ona moving surface by “Ure changes are commu- 
three levers, which ate connected with the nicated to an ordinary 
aubertoE Ob ne neers Si) 2: “tambour,” and registered 

Upper line shows the changes of pressure ot- sg) a smoked surface. 
ewrring in the right auricle ; Ob the whole period of 

Centre lne shows the pressure: chang: « within < the whole Pere . 
the nght ventricle ; the cycle the passive inter- 


Lower line shows the changes of pressure oc- . 5 a . 
Carving in the left ventricle al or pause is the longest 


{The smoked surface 1s moved from nglt tu and the most variable, for 
left) (After Chauvian ) in ordinary changes in the 


heart's ahythm it is the 
pause that varies, Neat in duration is the ventricular systole, while 
the shortest is the auricular systole. 

The following figures give approximately the proportion of time 
occupied by each part of the cyele in the case of a horse, whose intra- 
cardiac tension Was registered in the manner just referred to, while 
his heart beat about fifty times in the minute :-— 





Proportion Duration 

of cycle, in seconds. 
Auricular systole. : ; <3 = 0°" 
Ventricular systole . oe. = Ors 


Passive interval . : : . 3 0:6" 


CYCLE OF THE HEART-BEAT. 215 


Or if we assume the human heart to beat some seventy times a 
minute, each cycle would occupy about §; of a second, which would 
be mace up as follows :— 


Auricular systole 2. 2, of a second 


Ventricular systole. ‘ = § ‘3 
Pause e e e e e — if 9” 


The duration of the auricular and ventricular systole varies but 
little except under abnormal circumstances, but the pause is con- 
stantly undergoing slight changes. In fact, the duration of the 
general diastole depends upon the rate of the heart beat, being leas in 
proportion as the heart beats more quickly. 

If the thorax of a recently killed frog be opened, the heart can be 
observed beating a situ, and the different acts in the cycle studied. 

tn mammalians, in order to see the heart in operation, it is neces- 
sary to keep up artificial respiration, during which the heart continues 
to beat regularly, though the thorax be opened. A careful inspection of 
the beating heart shows that during its cycle of action certain changes 
take place in the shape and relative position of its cavities. This is 
owing partly to the change in the amount of their blood contents and 
partly to the form assumed by the muscular wall when contracting. 

During the passive interval the auricles are seen to swell gradually 
on account of the blood flowing into them from the veins: when 
the auriqular cavities are nearly full,a contraction, commencing 
in the great venous trunks near the heart, passes with increasing force 
over the auricles and giyes rise to their mpid systolic spasm, The 
auricles appear suddenly to diminish in size, become pale, and empty 
themselvgs into the ventricles, 

As the blood is shot through the auriculo-ventricular openings 
and the ventricles become distended, their flaccid walls appear 
to be drawn over the liquid mass by the contracting auricles, 
just as a stocking is drawn over the foot by the hands, and their 
walls seem to approach towards the base of the heart. The 
moment the ventricles have received their full charge of blood from 
the auricles they contract, becoming shorter by the movement of 
the hase towards the apex, and thicker by the elongated ventricular 
eone becoming rounder. The great arteries are at the same time dis- 
fended with blood and elongated, their clastic walls being drawn down 
over the liquid wedge on its exit fromthe ventricle. The soft elastic 
tissues are thus in turn made to slide, as it were, over the incompres- 
sible fluid blood that forms the fulerum, which the power of the 
muscular walls uses as a firm purchase. Dung the systole, when the 
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thorax is open, the ventricles rotate slightly on their long axis, so 
that the left comes a little forwards, and the apex alsv forwards and 
towards the right. On the ventricular systole ceasing, the gradual re- 
filling of the auricles begins ; the ventricles become flaccid and flattened ; 
the semilunar valves, being closed, the large arteries grasp firmly 
the blood, and by their steady resilient pressure force it onwards 
towards the distal vessels. During this pause the arteries seem to 
become shorter, drawing the base of the heait up again and lengthen- 
ing the flaccid ventricles. 

The part of the heart which changes ita position most is the line 
between the auricles and ventricles, while the apex remains fixed in 
the one position, only making a very slight lateral and forward 
motion, which probably does not take place during life. If a needle 
with a light lever attached be made to enter the apex through the 
wall of the chest, the lever does not move in any definite direction 
during the systole, but simply shakes. If, on the other hand, the 
needle be placed in the base of the ventricles the lever moves up and 
down with each systole and diastole. 


HeEart’s IMPULSE. 


If the ventricles be gently held between the fingers during their 
systole, a most striking sensation is given by the sudden haidening 
of the muscle. The mass of the ventricles, from being quite sot and 
compressible during diastole, suddenly acquire a wooden jaidness 
owing to the tightness with which the muscle grasps the Nuid, and 
the greater firmness of the contracting tissue. 

This hardening gives tlie sensation of a‘sudden enlargement in all 
directions, No matter on what suiface the finger be placed, the heart 
seems to move in that diect.on, sv as to give a slight knock or im- 
pulse. Thus, when grasped between the forefinger placed below the 
diaphiagm and the thumb on the ante1o-superior aspect the impulse is 
equally felt by each digit. 

The heart-beat conmunicates its motion to the chest, and this 
impulse can be scen over a limited area, which varies with the 
thinness of the individual. This cardiac tmpuls, as the stroke is 
called, can be best felt in the fifth intercostal space, a little to the 
median side of the left nipple. It is found tu be synchronous with 
the ventricular systole. The more unportant item in causing the 
impulse is the hardening of the ventricles, while their simultaneous 
change in shape, from a flattened to a rounded cone, no doubt helps 
to make the sudden tenseness more distinctly felt through the wall 
of the chest. - 
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The point at which the impulse is best felt corresponds to the 
anterior surface of the ventricles some distance above the apex ; it is 
therefore erroneous to call it the “apex beat.” 

Moreover, the motion of the apex is so slight when the wall of the 
chest is removed, that its “tilting forwards” can have no share in 
causing the impulse: the thoracic wall being always in contact with the 
apex, it can only move laterally, and cannot hammer against it 80 as to 
cause a shock, The “recoil of the ventricles” caused by the blood 
leaving them, which some think aids in producing the impulse, ob- 
viously owes its supposed existence to the confusion of cause and effect. 

The cardiac impulse is a valuable measure of the strength of the 





Vig. 120.—Cardiac Tambour, wgich can he strapped on to chest-wall, so that the 
central button lies over the heart-beat, and the pressure may be regulated by the 
xcrews at the side. To the tube bent ut mght angles is attached the rubber tube 
whicly connects the au cavity with that of the wmting tambour shown mn 
Fig. 110. 


systole, and hence is of great importance to the clinical physician. It 
may be registered by means of an instrument called the Canliograph. 
Many such instruments have been devised, most of which work 
on the same principle, and write a record on a moving surface 
with a lever attached to a tambour, to which the movements of the 
chest wall are transmitted from a somewhat similar drum by means 
of air tubes, In using this plan, so generally employed by Marey, 
one air tambour (fig. 120) is applied over the heart, the motions of 
which cause a variation in the tension of the air it contains; these 
variations are transmitted by a tube (f, fig. 121) to the other tambourd), 
where they give rise to a motion in its flexible surface to which a 
delicate lever is attached at («). @ 
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Heart Sounns. 


The heart’s action is accompanied by two 
distinct sounds, which can be heard by 
bringing the ear into firm direct contact with 
the precordial region, or indirectly by the 
use of the stethescope, an instrument of 
which there are many varieties to suit the 
taste of clinical observers.* 

One sound follows the other quickly, 
and then comes a short pause ; consequently 
they are spoken of as the first and second 
sounds, 

The first sound occurs at the same time 
as the ventricular systole. It is a low, 
soft, prolonged tune, and is most dis- 
tinctly heard over the fifth intercostal space. 

The second sound is produced when the 
two sets of semilunar valves are closed, that 
is, at the moment when the blood ceases to 
escape from the ventricles, It is a sharp, 
short sound, and is best heard at the second 
costal cartilage on the night side. 

The cause of the first sound is as yet 
involved in doubt. Possibly taere are 
several factors in it» production. The prin- 
eipal events occurring at this time may be 
enumerated thas :— 


(+) Joint of the fever; (+) Air chamber; () Rubber tubing connecting it with catdiac tambour. 


1, The heart's impulse. 

2. The contraction of the heart-muscle. 

3. The rush of blood into the arteries. 

4. The sudden tension of the ventricular 
chambers and the auriculo-ventri- 
cular valves. 


It has already been seen that the heart’s 
impulse is caused by a sudden change in 


* A flexible stetheseope to listen to one’s own heart 
Rounds can varily be made by fitting to une end of a 
piece ot rubber tubing about 15 inches long the mouth- 
piece, and to the other end the bowl, of a wooden pipe. 
The Low] ws applied over the different regions of the 

. heart aud the mouthpicce firmly tted in the car. 


Fig. 121.—Writing Lever and Tambour. 
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clensity of the muscle rather than by a knock against the chest. More- 
over, the first sound is heard quite readily when the chest wall is 
removed, so that the apex eating against the thorax cannot even 
help to cause the sound. 

The sound is not unlike the tone which accompanies the con- 
tinuous (tetanic) contraction of the skeletal muscles, It corresponds 
in time and duration with the contraction of the cardiac muscle, 
In disease where the heart muscle is weak, the sound becomes faint 
or inaudible, althongh the valves are made teuse by an Intraven- 
tricular force sufficient to overcome the pressure in the arteries ; for 
otherwise the circulation would cease. A praesyxtolic sound, like in 
character to the systolic sound, is now recognised by physicians 
as being produced by the auricular systole, but this cannot depend 
on the vibrations of valves, According to the most recent and careful 
wbservers, the first sound may be heard when the heart is empty. 

All this evidence tends to show that the sound is produced by the 
contraction of the muscle tissue of the heart, or, in short, that it is 
the cardiac muscle tone. 

Against the view that the museular tone is the cause of the first 
sound the undoubted fact is properly urged, that only tetanus (7.2, a 
vapidly repeated series of contractions fused into a continued state of 
shortening allowing variations of tension) can cause a muscle sound, 
and a single contraction is not accompanied by any tone. Though in 
many Waysit differs from the single contraction of other muscles, 
yet the heart beat is no doubt a single contraction, And no good 
reason exists for believing gt can cause vibgitions comparable with 
that of the tetanus of skeletal muscles, or that it is capable of giving 
rise tu a definite sound, 

The closure of the auriculo-ventricular valves is synchronous with 
the beginning of the sound, and injury or disease of these valves is 
axsochited with a weak or altered first sound : this is often observed. 
im clincase of the mitral valve. The blood is said by some to be neces- 
sary for the production of the sound, »o that the act of clusure and 
subsequent tension of these valves would seem to have a share in 
causing the sound ; but on the other hand, the character of the sound 
is not like that which would be caused by the sudden closure or 
tension of the membranes, or of the delicate tendinous cords. 

As before remarked, this would not account for presystolic sounds, 
and the first sound can be heard in an empty heart removed from the 
animal, in which the valves could not become tense (Ludwig). 

The sound has een analysed with suitable resonators, and two 
distinct tones made out: one high and shurt,eorresponding to the 
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closure of the valves; the other Jong and low, corresponding in 
duration with the muscle contraction. From this it would appear 
that both the tension of the valves and the muscle tone have 
something to do with the production of the sound. 

The good reasons given for thinking that the heart muscle cannot 
produce a tone suggests that the sudden state of tension of the ven- 
tricular wall when tightened over the blood may give rise to vibra- 
tions, and be an important item in causing the first sound. This 
would explain the faintness of the sound, both when the valves were 
injured and the muscle weak. It would also explain the praesystolic 
sound, which requires a certain auricular tension for its production. 

The production of the second sound is more easily explained. 
Occurring just after the ventricle is emptied, it is synchronous with 
the closure of the semilunar valves at the aorta and pulmonary 
orifices, The blood in the aorta forcibly closes the valves as svon as 
the ventricular pressure bevins to wane. This sudden motion causes 
a vibration of the valves, which is immediately checked by the con- 
tinuous pressure of the coluiun of blvod. 


INNERVATIUN OF THE HEART. 


The most interestiny phenomenon in the heait’s action, aud that 
most difficult to explain, i, the wonderful regularity of its rhyth- 
mical contractions under normal circumstances, and the extreme 
delicacy of the nervous mechanism by which it is regulated. 

The vast majority of the active contractile tissues of the higher 
animals are under the in:nediate and exelusive direction of the central 
nervous system. <All the great muscular organs are connected with 
the cerebro-spinal axis }y means of nerves, along which impulses pass 
stimulating the contractile tissue to action. Thus the skeletal mus- 
cles are brought under the control of the will, and the nerves coming 
from the brain carry stimuli to certain sets of muscles when we wish 
to perform any simple action. 

Other muscles, a» has been seen in the pharynx, wsophayus, Kc., 
though not under the control of the will, are yet governed altogether 
by the cerebrospinal axis; while others, of which the must striking 
example is the heart, have nerve elements in immediate relation to 
the cuntractile tissue, capable of exciting them to contraction. 

It will materially help us in comprehending the nervous mechan- 
isms of the heart’s rhythm if we bear in mind what now seems to be 
proved beyond doubt, namely, that the muscle tissue of the heart 
has—quite independently of any nervous influences—-an inherent 
tendency tv rhythmical contraction. This is shown by the following 


INNERVATION OF HEART, 221 


facts. The heart cannot continue contracted like a skeletal muscle 
(in tetanus) under any circumstances, or like an unstriated muscle 
(in tonus) except when the tissue is spoiled by deficient nutrition, 
&c. The hearts of many of the lower animals contract rhythmically 
without any nerve elements being found by the most careful micro- 
scopic examination, <A strip cut from the ventricle of the tortoise 
ean, by judicious excitations, be taught to beat rhythmically without 
the help of any known nerve mechanism. The lower part of the 
trog’s ventricle—which is commonly admitted not to contain any 
nerves—heats quite rhythmically if fed with a gentle stream of serum 
and weak salt solution, and there is no reason to assume that there is 
any greater difficulty in conceding to muscle tissue, than to nerve 
cells, the property of acting with a regular rhythm. 

In cold-blooded animals, such as a frog or tortoise, the heart will 
beat even for days after its removal from the animal, if it be pro- 
tected from injury and prevented from drying. In warm-blooded 
animals the tissues lose their vitality almost immediately after they 
ure deprived of their blood supply ; however, spontaneous rhythmical 
movements can be seen in the mammalian heart if removed rapidly 
after death, The hearts of oxen, skilfully slaughtered, commonly 
sive a few beats after their removal from the thorax, Ifa blood 
ewrent be kept up through the vessels of the heart tissue this sponta- 
heous contraction will go on for sume time, or even will recommence 
after having ceased. 

The hearts of two criminals who were recently hanged were found 
to continue to beat for foug and seven minytes respectively after the 
spinal cord and the medulla had been separated. 

The-e facts prove conclusively that the stimulus which causes the 
heart to heat rhythmically arises in the muscle tissue of the organ or in 
close relation toit. Upon physiological grounds alone we mizht con- 
clude that in the heart tissue of the vertelnata there exist the nerve 
elements with which we are familiar anatomically. These nerve 
cells only require their nutrition to he kept up by a continued blood 
supply in order to develop the energy necessary for their function. 

Such collections of nerve elements are called automatic centres, and 
are made up, like all other origins of nerve force, of zanglionic cells. 

The heart of mammalian animals so soon ceases tu beat, that it 
forms an unsatisfactory subject for experimental inquiry, The heart’s 
innervation— which will be seen to be a complicated process—may, 
therefore, with profit be studied in a cold-blooded animal, where the 
mechanisms can be more readily observed, and are probably more 
simple in arrangement. ° 
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The frog, being readily obtainable, is commonly chosen. 
If the apex of the ventricle of the frog’s heart Le separated, it re- 
mains motionless, while the auricles continue to beat. But it responds 





Fig. 122.—Diagrammatic Plan of the Cardiac Nerve mechanism. The direction of the 
impalses is indicated by the arrows. Both right and left sides of the cut are 
used to show one complete lateral half uf the dures, 


to short direct stimulus by an ordinary single contraction, and if the 
stimulus be kept up it beats rhythmically. If the auricles be re- 
moved from the ventricle 80 as to leunve the line of union attached to 
the ventricle, both cominue to beat. But each part beats with a 
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different rhythm, and under like conditions the auricles continue to 
beat longer than the ventricles. 

The auricles beat even when subdivided ; and the dilated termi- 
nation of the great vein, called the sinus venosus, opening into the 
right auricle, when quite separated from the rest of the heart, con- 
tinues to beat longer and more regularly than any other part. When 
the entire heart is intact this sinus seems to be the starting point of 
the leart-beat, 

This experimental evidence of the presence of nerve centres in the 
heart-muscle is supported by the results of anatomical investiga- 
tions, for the microscope shows that there are many ganglion cells 
distributed throughout the heait-tissue, and that they are located 
just where we should expect from the above facts. That is to say, 
there are none in the substance of the ventricles, while there are several 
groups of cells scattered around its base in the auriculo-ventricular 
groove (Bidder). There are others in the walls of the auricles, par- 
ticularly in the septum, and the greatest number are found in the 
walls of the sinus venosus (Remak). 

The ganglia in the sinus venosus are most easily stimulated, and 
are probably the only ones which habitually act as automatic centres. 
They certainly take the initiative in the ordinary heart-beat, and regu- 
late the rhythm of the contraction of the auricles and ventricles, 

This seems more than probable from the following facts :—1. The 
onlinary contraction wave starts from the sinus venosus. 2. This part 
beats longer and more steadily than the others when separated from 
the animal, 3, When cut, off from the sinus the beat of the rest of 
the heart becomes weak, uncertain, and changesitsrhythm, 4, When 
the sinus yenosus is suddenly separated by ligature from the auricles 
and ventricle, both the latter cease to beat, while the motions of the 
sinus continues. However, if a slight stimulus, such as the touch of a 
needle, be now applied to the auriculo-ventricular margin, it suttices 
to give rise to a series of rhythmical contractions, Or if the ventricle 
be now separated from the auricles by incision, the former commences 
to beat rhythmically, while the auricles commonly remain motion- 
less, These latter obeervations (which are known as the experiments 
of Stannius) have been explained in various ways, the moat probable 
of which seems to We the following. When cut off from the influ- 
ence of the sinus venosus, the heart fails to contract spontaneously, 
because it has lost the initiatory stimulus which habitually arrived 
from the sinus, When the ventricle is cut away from the auricles, 
the act of incision is sutticient stimulus to set going its rhytlunical 
contractions, ° 
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Although we cannot adequately explain the relationships borne by 
the different sets of ganglia in the froy’s heart to one another, there 
seems no doubt that the following conclusions may be accepted as 
proven, and are, morcover, in all probability, applicable to the 
hearts of mammals :—That nerve centres exist in the muscle tissue 
of the heart, some of which are capable of originating stimul for this 
rhythmically contracting muscle. That there exist other ganvlionic 
groups which help to regulate and distribute the stimuli in a sequence 
throughout the several cavities. 


EXxTRINsIC CARDIAC NERVES. 


The intrinsic nerve mechanism of the heart just described is under 
the immediate control of the great nervous centres through the 
medium of fibres passing along the vagus and sympathetic nerves 
from the medulla oblongata. 

Some of these fibres check the action of the intrinsic ganglia, and 
cause the heart to beat more slowly ; hence they are called anhilntory. 
Others cause it to beat more quickly, and are called acceleratory. 


INHIBITORY NERVES OF THE HEART. 


It was observed by Weber that electric stimulation of the vagus 
nerve caused a slowing of the heart’s rhytlin, and if increased gave rise 





Fig. 123.—Tracing, showing the effect of Stimulation of Vagus Nerve. Stimulus 
applied between vertical lines, (Recording surface moved from left to right.) 


to a standstill of the heart in diastole ; the heart beat gradually 
recommencing some time after the stimulus had heen removed. 
On the other hand, tht section of both vagi produced an increase 
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in the rapidity of the heart beat varying according to the kind of 
animal experimented upon. 

Section of only one vagus, however, has not this effect. From 
these experiments it would appear—1. That some fibres of the vagus 
bear impulses of a checking or inhibitory nature to the intrinsic 
nerves of the heart. 2. That these influences are constantly in opera- 
tion, or in other words, the vagi exert a tonic inhibitory influence on 
the rapidity of the heart-beat. 3. The tonic action of one vagus bears 
inhibitory influence sufficient to regulate the heart’s action. This 
tonicity of the vagus inhibition is, moreover, more marked in man 
and dogs than rabbits, and is reduced to a minimum in frogs, where 
section of the vagi produces very little effect on the rate of the 
beat. 

Vagus inhibition is increased by the following circumstances— 
(a) certain psychical phenomena such as terror, which is said to pro- 
duce a temporary standstill ; (5) deficiency of arterial blood in the 
medulla oblongata ; (c) increase of the blood pressure within the 
cranium ; and (d) reflexly by the stimulation of many afferent nerves, 
particularly the sympathetic and those bearing impulses from the 
abdominal viscera to the medulla, as well as the ordinary sensory 
nerves or by the afferent fibres of the opposite vagus. (e.) Muscarine 
produces diastolic standstill of the heart by exciting the local inhibi- 
tory yanglia or vagus terminals. 

Atropingauses quickening of the heart’s action by paralysing the 
endings of the vagus, and also those intrinsic mechanisms which are 
supposed to have an inhiljtory effect. Nieptine produces at first a 
slowing of the heart by stimulating the inhibitory tone of the vagus. 
This is soqa followed by exhaustion of the terminal fibres and a con- 
sequent quickening of the heart beat. Large doses of curare paralyse 
the inhibitory fibres. Digitalis excites the vagus centre in the 
medulla; and thereby reduces the rapidity of the heart’s beat. 


THe ACCELERATOR NERVES. 


After the possibility of increase of blood pressure has been removed 
by section of the splanchnic nerves, and the tonic inhibition of the 
vagi has been cut off, it has been found that stimulation of the 
cervical portion of the spinal cord causes quickening of the heart 
beat. In the cervical portion of the spinal cord nerve channels must 
then exist which are capable of stimulating the muscle fibres of the 
heart, so as to cause it to beat more quickly. These accelerator fibres 
pass through the communicating branches frém the cord to the last 
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cervical or first dorsal sympathetic ganglion, and thence to the heart. 
Stimulation of the ganglia, or the branches passing thence to the 
heart quickens its beat. The effect of stimulus applied to these 
nerves does not begin to show itself until a comparatively long time 
after it has been applied, and the acceleratory effort continues for a 
considerable time after the stimulus is removed. Stimulation of the 
accelerator fibres has little effect on the tonic inhibition of the vagus, 
which takes place equally well whether the accelerators are stimulated 
or not, while the action of the accelerators is totally suspended so long 
as the vagus is being stimulated. 


AFFERENT CARDIAC NERVES. 


Besides these nerve channels bearing impulses to the heart, others 
pass from the heart to the medulla, probably having their origin in 
the inner lining of the heart, which is known to be the part most 
sensitive to stimulus. 

These fibres appear to be of two kinds, one of which affects the 
cardio-inhibitory centre and diminishes the pulse rate; the other 
affects the vaso-inhibitory centre and lowers the blood pressure. 
Increase of the intra-ventricular pressure stimulates both these sets 
of fibres, and thus we see that over-filling of the heart from increase 
of blood pressure, &c., causes retardation of its beat, and an equili- 
brium is thus established between the general blood presyare and the 
force of the heart-beat. 


CHAPTER XVII. 


THE BLOOD VESSELS. 


THE channels which carry the blood throughout the body form a 
closed system of elastic tubes, which may be divided into three 
varieties :— 

1. Arteries. 
2. Capillaries. 
3. Veins. 


The arteries and veins serve merely to conduct the blood to and 
from the capillaries, where the essential function of the blood, riz., 
its chemical interchange with the tissues, is carried on. 

The arteries are those vessels which carry the blood from the heart 
to the capillaries. The great trunk of the aorta, which springs from 
the left ventricle, gives off a series of branches, which in turn aub- 
divide more and more freely in proportion to their distance from the 
heart. Their mode of division is commonl dichotomous, but, from 
the larger trunk, branches of uneyual and irregular size are frequently 
given off. « 

Arterial twigs of considerable size here and there form connections 
with those of a neighbouring trunk (anastomoses), but these unions 
are simple junctions of single branches, never being worthy of the name 
of a network or plexus, such as those seen in the capillaries or in the 
veins. The walls of the arteries are made up of three coats :—l. An 
external tough fibrous layer which vives strenzth to the vessels,— 
like the webbing in the wall of rubber water-hose—and acts as a 
Lond of union between it and the neighbouring tissues, This coat 
(tunica adventitia) carries the minute vessels, necessary for the nutn- 
tion of the vessel wall, and nerves. 2. The middle coat (tunica medta) 
forms the more characteristic part of the arterial structure, being a 
mixture of pure elastic tissue and unstriated muscle. It is much 
thicker in the arteries than in the veins, where its special func- 
tions are not required. It differs essentially in character in the 

Q2 
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larger and smaller arteries, the change occurring gradually on 
passing along the diminishing branches. In the large arteries 





Fig. 124.—Transverse Section of part of the Wall of the Posterior Tibial Artery (man). 


(Schafer.) 


{a} Endothelium lining the vessel, appearing thicker than normal from the con- 
traction of (+) the elastic layer of the intima. 

{c) Middle coat composed of muacle fibres and elaatic tissue. 

(d) Outer coat consisting chiefly of white fibrous tissuc. 


and the arterioles the middle coat differs much in structure, and in 
both it forms the most important part for the due performance of 





Fig. 125.—Portion of Small Artery from Sub- 
mucous Tissue of Mouse's Stomach, stained 
with gold-chioride, showing the nuclei of 
the muscle cells (u) passing transversely 
around the vessel to form the middle coat, 

‘ outside which is the fibrous tissue of the 
outer coat (r). Around the vessel several 
fine nerve fibrils form a network (x). 


their respective functions. In 
the large vessels it is made 
up of elastic fibres of various 
shapes, and sheets of elastic 
tixsue woven into aclense felt- 
work, interspersed with a few 
nwiscle cells. In the small 
arteries (arterioles) the great 
muss of the mid@le coat is 
made up of muscle cells, the 
elastic tissue being but sparsely 
represented, Between the 
large arteries and the capil- 
laries every grade of transition 
between these two extremes 
may be found; the elastic 
tissue gradually becoming less 
abundant and tlie muscle 
elements more important in 
proportion as the capillaries 
are approached. 3. The in- 


ternal lining (tunica intima) of the arteries is composed of a delicate 
elastic homogeneous viembrane lined with a single layer of endo- 
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thelial cells, The intima may be said to be continuous throughout 
all the vessels and the heart cavities. 

It is thus seen that the large arteries have extremely elastic and 
firm walls, capable of sustaining considerable pressure. The smaller 
the arteries become in calibre the more the general property of elasti- 
city and resiliency is reinforced by that of ettal contractility, due to the 
greater relative number of muscle cells contained in the middle coat. 

The frequently branching arterioles finally terminate in the 
capillaries, in which distinct branches can no longer be recognized, 





Fig. 120.—Capuillary network of a Lobule of the Liver. 


but these thin canals are united and interwoven into a network of 
blood channels, the meshes of which are all made up of vessels having 
about the same calibre. They communicate indefinitely with the 
capillary meshworks of the neighbouring arterioles, so that any given 
capillary area appears to be one continuous network of tubules, con- 
nected here and there with distinct artcrioles, and thus is fed with 
blood from several different sources. The walls of the capillaries are 
soft and elastic and permeable not only to the fluid portion of the 
blood, but also, under certain circumstances, to the solids. 

It is, in fact, in this part of the circulation that its essential 
function is carried on, viz., the establishment of a free interchange 
between the tissues and the blood. ° 
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The characters of the capillary network vary in different tissues 
and different organs ; the closeness and wideness of the meshes may be 
said to be in proportion to the functional activity or inactivity of the 
organ. or tissue in question, a greater amount of blood being required 
in the parts where energetic duties are performed. 

The venous radicles arise from the capillary network, commencing 
as tributaries which unite in much the same way as the arterioles 
divide, but they form wider and more numerous channels. They 
rapidly congregate into comparatively large vessels, which frequently 
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Fig. 127.—Capillary network of Fat Tissue. (Klein.) 


intercommunicate so as to form coarse ‘and irregular plexyses. The 
general arrangement of the structures in the walls of the veins is like 
that of the arteries; they also have three goats, the external, middle, 
and internal; the tissues of each differing but little from those of the 
arteries. The middle coat, however, in the large veins is distinguished 
from that of the large arteries by being much thinner, owing to the 
paucity of yellow elastic tissue. It is also characterised by its relative 
richness in muscle fibre, while the structure of the middle coat of the 
small veins can only be distinguished from that of the arterioles by 
the comparative sparseness of the muscle cells running around the 
tubes. 

The veins are capable of considerable distension, but, though 
possessed of a certain degree of elasticity, they are much inferior to 
the arteries in resiliency. 

In a large proportion of veins, valve-like folds of their lining coat 
exist which prevent the backward flow of blood to the capillaries, 
and insure its passage towards the heart. These valves resemble in 
their general plan the pocket valves that protect the great arterial 
orifices of the heart. ‘Fhey vary much in arrangement, there being 
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commonly but two or sometimes one flap or pocket entering into the 
formation of the valve. They are most closely set in the long veins 
of the extremities, in which the blood current has to move against 
the force of gravity. 

The general aggregate diameter of the different parts of the vascular 
system varies greatly. The combined calibre of the branches of an 
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Fig. 128.—Diagram intended to Bive an idea of the &ggregate sectional areca of the 
different parts of the vascular system. 


oe a. Aorta. c. Capillaries. v. Veins. 


The transverse measurement of the shaded part may be taken as the width of thc 
various kinds of vevsels supposing them fused together. 


artery exceeds that of the parent trunk, so that the aggregate sectional 
area of the arterial tree increases a8 one proceeds from the aorta to- 
wards the capillaries, After the muscular arterioles are passed the 
general diameter of the vascular system suddenly increases enor- 
mously, and in the capillaries it reaches its maximum, which is 
said to be about eight hundred times as great as the diameter of 
the aorta 

The aggregate sectional area of the veins also diminishes as the 
tributaries unite to form main trunks, and reaches its minimum at the 
entrance of the vena cava into the right auricle. 

The capacity of the veins is, however, ewerywhere much greater 
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than that of the corresponding arteries, the least difference being 
near the heart, where, however, the calibre of the veins is more than 
twice that of the aorta. 

After this brief anatomical sketch the most important properties 
of each different part of the vascular system may be summarised 
thus :— 


1. The structure of the walls of the large arteries shows them to 
be capable of sustaining considerable pressure, and of exert- 
ing powerful elastic recoil. 

2. In the small arteries, as well as this elasticity, great varia- 
bility in their calibre, dependent on the contraction of their 
muscular coat, occurs. 

3. In the capillaries we find extreme thinness, elasticity, and 
permeability of their wall, which presents an enormous sur- 
face, so as to allow free interchange between the blood and 
the surrounding textures. 

4, The veins have yielding and distensible coats, great general 
capacity to accommodate a large quantity of blood, and 
valves to prevent its backward flow upon the capillaries. 


PuysicaL ForcESs OF THE CIRCULATION. 


When liquid flows through a tube it does so as the result of a differ- 
ence of pressure in the different parts of the tube ; the liquid moving 
from the part where the pressure is higher towards that where it is 
lower. 

The energy of the flow corresponds with the amount of difference in 
the pressure, and varies exactly with the pressure-differeyce, being 
continuous so Jong as the pressure is uneyual in different parts, and 
being interrupted when the pressure i» equalised throughout the 
tube. If liquid be forcibly pumped into one catremity of a long tube, 
such as a garden hose, a pressure difference ix of course established, 
the pressure iecoming greater at the end into which the liquid is 
pumped, consequently a current takes place towards the open end. 
So long as the free or distal end of the tube is quite open and on the 
same level as the rest, no very great increase of pressure can be 
brought to bear on the walls of the tube, no matter how forcibly the 
pumping may go on, as the liquid casily escapes, and therefore flows 
out all the more quickly as the pumping becomes more energetic. 
If, however, the outflow be impeded by raising the distal end of the 
tube to any considerable height, or by partially closing the orifice 
with a nozzle or rose, éhen the pressure within the tube can be 
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greatly increased by energetic pumping, and the tube being elastic 
will swell when distended by the pressure. 

It can be further observed in this common operation that the 
smaller the orifice of the nozzle be, the greater the pressure in the 
tabe with a given rate of working the pump ; and, the orifice remain- 
ing the same, the pressure will increase in proportion as the pump is 
more energetically worked. Or in other words, the pressure within 
the tube will depend on (a) the force used at the pump, and (b) the 
degree of impediment offered to the outflow. 

If the tube be resilient, and if the nozzle have a small orifice so that 
a high pressure can be established within the tube, it will be found that 
the liquid will flow from the nozzle in a continuous stream, and will 
not follow the jerks communicated by the pump. That is to say, the 
interrupted energy uf the pump is stored up by the elastic tube and 
converted into a continuous pressure exerted on the fluid. But if the 
tube be quite rigid, or the orifice too wide to allow the pressure 
within the tube to be raised sufficiently high, then the fluid will flow 
out of the end of the tube in jets which correspond with the strokes of 
the pump: that is to say, the 
outflow will follow closely the 
pressure difference caused by the 
pump at the point of inflow. 

Now these simple facts (which 
can be verified experimentally 
with an ordinary enema bag, a 
yard of clastic tubing, and a 
short glass tube drawn to a point) 
form the key to the most impor- 
tant dynamic principles of the 
circulation, Fig. 129.—TDiagram of Circulation, showing 

right ru and left (u.1.) bearta, and 


The cause of the blood’s the pulmonary ,) and systemic (1) seta 
motion is simply a difference in of capillanes. 


the pressure within the various 
parts of the vascular system, for the heart acts as the pump filling the 
tube represented by the large elastic arteries, which can be more 
or less distended, according as (1) the outtlow is impeded or facili- 
tated by the contraction or relaxation of the muscular arterioles 
which form the outlet, or as (2) the inflow is increased or diminished 
by the greater or less activity of the heart’s action. 

From the foregoing facts, and what has been said of the direc- 
tion of the blood current, namely, that it flows from the arteries 
through the capillaries into the veins, it would then appear that the 
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pressure ih the arteries exceeds that in the capillaries, and the pressure 
in the eapfitgties niust in turn be greater than that in the veins, the 
blood flowingtin the directiun in which the pressure becomes less. 

The differenca in the manner in which the blood flows from a cut 
artery and a cut vein shows that a great difference exists in the 
pressure within the two sets of vessels. 

When a small artery is cut across and the orifice directed upwards 

the blood is thrown two or three feet in jerks. When a vein is cut, 
the blood only trickles gently from its orifice, the force depending 
much upon the position of the part ; and it is well known that 
bleeding from a vein in the leg can easily he stopped by placing the 
limb in a position more elevated than the rest of the body, so as to 
remove the force of yravitv from acting on the bluod. 
Ly means of a special form of gauge (the mercurial manometer) 
which will presently be described—the exact difference in the 
pressure exerted by the blood against the vessel walls in the different 
parts of the circulation can be accurately estimated, and it has been 
found by direct experiment that the blood-pressure varies just as 
one would be led to expect from a consideration of its physical rela- 
tionships, namely, the direction and rate of the current and the 
varying width of the bed in which it flows. 

The rate of the fall in pressure observed in the vessels passing 
from the left ventricle to the right auricle is not even, but in the 
arterioles it fall» suddenly, and a great difference therefore alyays exists 
between the arterial and venous pressure (vy. p. 240). Since there 
is a permanent high pressure in the artgries ax compared with that 
in the capillaries and veins, there can Le no difficulty in explaining 
the permanent flow through the capillaries from arteries tq veins. 

The fundamental problem that must be clearly understood in 
studying the dynamics of the circulation is, how the high pressure in 
the arteries is kept up, or, in other words, how the arteries can exert 
so much pressure on the blood when the capillary out-flow is so 
wide and free. 

From the description already given of the action of the heart, it 
appears that each beat of the ventricle pumps some six ounces of 
blood into the aorta, which blood, though coming to the left ven- 
tricle from the pulmonary circulation, may, on account of the exact 
co-operation of the two sides of the heart, be said to be pumped out 
of the systemic veins, and thus, as far as the physical forces are con- 
cerned, the pulmonary circulation may be left out of the question. 
This occurs some sacventy times a minute, so that an enormous 
quantity of blood is temoved from the veins and forced into the 
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arteries. The ventricles in filling the arteries have to wgfk against 
considerable pressure, and may be said to pump the frem the 
low-pressure veins up into the high-pressure arteries and this work 
is the cause of the pressure difference between the two sets of vessels. 
During the contraction of the heart the ventricular pressure must 
exceed that of the aorta, while during the diastole it falls to that of 
the auricle or even of the yvreat veins. The heart then is the first 
«nd most important agent by which the arteries are kept stretched 
and over-filled, and the veins are emptied. 

A second important factor in enabling the high blood-pressure to be 
kept up, is the resiliency of the middle coat ofthe arteries. It isonly 
on account of the great elasticity of the arterial walls, that these vessels 
are capable of being so over-filled, and only on account of the perfect 
resiliency of the elastic coat, that they are ableto exert such powerful 
pressure on the blood for such an unlimited time. Ifthe arteries were 
rigid tubes, overfilling them with a fluid itself inelastic would be out 
of the question ; the outflow from the distal extremity would take place 
exactly when the additional charge of blood was injected by the heart. 

With cach contraction the ventricle overcomes aiterial pressure, 
and further stretches the elastic artery. But the act of injecting the 
blood into the aorta only occupies about one quarter of each heart 
beat. The semilunar valves bear the pressure of the blood in the 
aorta for the rest of the time. The whole force of the ventricle is 
therefore used up in causing arterial distension. During the greater 
part of the time (about three-quarters of the heart’s cycle), the arteries 
are in the condition of ovey-filled elastic tuhes, with their cardiac end 
firmly closed by the aortic valves, and their distal ende open. 

It follows that the blood flowing constantly out of the distended 
arteries through the capilluries into the veins tends to equalise the 
pressure in the veins and arteries. But why is not this constant 
outflow sufficient to allow the pressure in the arteries to fall to the 
level of that in the veins? Or in other words, what is the impedi- 
ment offered to the escape of the blood from the arteries that thus 
keeps them distended? If the arteries and veins were a set of 
continuous wide tubes of similar construction and capacity through- 
out, 1t would be impossible for the heart to empty the veins, to 
overfill the arteries, and to estublish the great pressure difference that 
normally exists, Therefore some resistance equal to the pressure 
must be offered to the flow of the blood from the arteries into the veins. 

This resistance is made up of several items, of which one alone is 
sufficient to keep up the arterial pressure, namely, the active con- 
traction of the arterioles. No doubt the enorthous increase of surface 
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over which the blood has to move in the capillaries, and the pressure 
exercised upon them by the surrounding elastic tissues, impede the 
emptying of the arteries. But that the contractility of the arterioles 
is the most important item, may be seen from the following con- 
sideration. The resistance offered by the capillaries themselves, 
whether by the greater friction or by the elastic pressure, is insignifi- 
cant when compared with the arterial blood pressure, and is far from 
sufficient to restrain the blood from rushing into the veins. This is 
seen when the arterioles are paralysed by the destruction of the 
nervous mechanism controlling them ; the blood then flows readily 
through the capillary network, the veins become engorged, the 
arterial blood pressure falls, and the circulation comes to a standstill, 
in spite of the heart’s more rapid beats. We know also that after 
the arterioles are passed the pressure falls suddenly, and in the 
capillary network the pressure is always very low. 

The four great factors then, in keeping up the arterial blood-pres- 
sure, are: 1, the heart-beat ; 2, perfect aortic valves; 3, the elastic 
resiliency of the large arteries ; 4, the resistance offered by the con- 
traction of the muscular arterioles 

If any of these fail, the mechanism of the circulation is at once 
impaired. For example, the heart’s beat may be stopped by the 
stimulation of the inhibitory nerve fibres of the vagus, in which case 
the blond pressure rapidly falls, as shown by the curve taken by the 





Fig. 130.—Tracing, showing the effect of Stimulation of Vagus Nerve. Stimulus 
applied between vertical hnes (Kecording surface moved from left to mght.) 


graphic method. Or weakness of the heart-beat may arise from 
disease (fatty degeneration) of the muscle, when signs of low arterial 
tension can be recognised in the human subject. 

Any insufficiency of the aortic valves, whose duty it is to close the 
proximal end of the arteries, that permits the blood to flow back- 
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ward into the ventricle, allows the pressure in the arteries to fall 
between each ventricular systole, so that the characteristic “pulse of 
unfilled arteries” is recognised by the physician. 

The resiliency of the arterial coats may also be destroyed to a 
certain extent by degeneration of the tissue, in which case the large 
arteries become greatly distended, and unable to exert their normal 
steady pressure on the blood. 

Injuries of the nerve centres are often associated with paralysis of 
the muscular arterioles, and fall of blood pressure ; but the effect 
upon the blood pressure of dilatation of the small arteries can be best 
seen by experimenting 
on the nerves that con- 
trol their contraction 
in the lower animals. 
If paralysis or jnhi- 
bition of the vasomo- 
tor mechanisms be ex- 
perimentally produced, 
the result on the 
arterial pressure is the 
sane, namely, a sudden 
fall, which may reach 
zero: all opposition 
to the outflow of blood 
from the arteries being 
ptupped, they cease to 
he tense, even though 
the veutycle continue 
to beat and pump the 
blood into them. 


MEASUREMENT OF THE 
Bioop PRESSURE. 





Fig 131.—Mercurial Manometer for measuring und 


The first attempt at recording the blood pressure. 
oa : « Proximate hmb of manometer. 

direct measurement of b Union of two limbs of manometer. 
blood pressure ‘was ¢ The rod floating on mercury and carrying the 

de by the Rev. Ste- writing point. 
cae y Ste d Stop-cock through which the sodium bicarbonate 
phen Hales about the can be introduced between the blood and mer- 
middle of last century, cury of manometer. 


who, wishing to com- 
pare the motion of fluids in animals with tlfat of plants, connected 
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a tube in an artery of a living animal, and found that the blood was 
ejected with considerable force, and that when the artery of a horse 
was brought into union with a long upright tube, the blood reached 
a height of about three yards. 

The blood itself is not now used as a measure, because so much 
blood leaving the vessels tends to empty them and to reduce 
the pressure in the arteries ; besides the coagulation of the blood 
soon stops the experiment. We now employ the mercurial mano- 
meter, which consists of a column of mercury in a U-shaped tube. 
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Fig. 152 —The ordinary modern form of rotating blackened cylinsler (x), which is moved 
by the clockwork m the box (a) by means of the disc (1p) pressing upon the wheel 
(x), which can be raed or lowered by the screw (1 , «0 as to rub on a part of the 
dusc more or less near the centre, and thus rotate at different rates. The cylinder 
can be raised by the screw (u), which m» turned by the handle (u'). (Hermann ) 
To prevent coagulation, the tube between the mercury and blood is 
filed with a solutiun of sodium carbonate, the pressure being regu- 
lated to equalize as nearly as possible that of the bloud., A rod is made 
to float upon the mercury, in the open sile of the tube, and to the 
upper extremity of this a writing appuratux can be attached, so that 
by the movements of the mercury, a graphic record of the blood 
pressure and its variatién can be traced on a regularly moving surface. 
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This instrument, known as Ludwig’s Kymograph, is that used in all 
ordinary measurements and experiments on blood pressure. In order 
to overcome the inertia of the mercurial column, another instrument 
has been devised which will be mentioned in speaking of the cha- 
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Fig. 133.—Lvpwie'’s Kywocrarn with continuous paper. 
° 


’ 

The instrument consista of an iron table, above which the recording surface is slowly 
drawn past the writing points from an endless roll of paper on the left by the 
motion cf the cylinder (c), and rulled up on a «spindle next the driving-wheel on 
the right. The mercurial] manomweters (vp) are fixed so that the open ends come in 
front of the firm roller upon which the pauper rests. The writing style can be 
seen rising from these tubes while the other limbe of the manometers lead 
the stop-cocks to the tubes which are in communication with the blood-vesnels. 
The time is recorded by means of a pen attached to the electro-magnet (™), which, 
by a “ brenking’”’ clock, is demagnetised cyery sccond. The moment at which a 
stimulus is applied is marked bya key tu Which another pen is attached near the 
time-marker, 


racter of the curve (p. 242), When an experiment of long duration 
has to be made, a recorder with a long rolled strip of paper can be 
employed (Fig. 133). 

The modern accurate methods of research have taught us the differ- 
ences in pressure that exist in the various parts of the vascular 
system, However, direct measurement can only be accomplished in 
vessels of such a size as to admit a cannula, hence the pressure in the 
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capillaries in the very minute arteries and veins, can only indirectly be 
estimated. The pressure in all parts of the vascular system is subject 
to frequent variations to be presently mentioned, but this table may 
be useful in giving a general idea of the average permanent differ- 
ences that exist in the different vessels of large animals and 
man. 


Large arteries (Carotid, Horse) + 160 mm., mercury 
Medium ,, (Brachial, Man) + 120mm, __,, 


Capillaries of Finger, + 38mm, _,, 
Small Veins of Arm + 9mm, ,, 
Large Vein of Neck —~lto - 3mm, _,, 





Fig. 134.—Diagram showing the relative height of the bloud-preasure in the different 
regions of the vessels. 


n. Heart. a, Arterioles, t. Small veins. 

4. Arteries. c. Capllanes. Vv. Large veins. 

u.v. being the zero line, the pre# ure is indicated by the elevation of the curve. 
The numbers un the left giv the pressure (approximately) in mm. of mercury. 


If the different parts of the circulation be represented on the base 
line Bw. a. C. V., these letters corresponding to heart, arteries, 
capillaries, and veins respectively, and if the height of the blood 
pressure be represental on the vertical line in mm. Hg. the curve 
h, a, ¢, v, would give about the relative pressure in the various parts 
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of the circulation. This shows that in the receiving chamber of the 
heart the pressure is below zero, while the ventricular pump drives it 
to the height of the arterial pressure 160 mm. Hg. In the arteries the 
pressure though gradually falling is everywhere high, while just 
before the blood reaches the capillaries, a sudden fall occurs, The 
variation after this is merely a gentle descent until the larze 
venous trunks are reached, where the pressure is below zero. From 
a purely physical point of view then, the ventricle may be regarded 
as pumping the blood up to an elevated high-pressure reservoir of 
small capacity (the arteries), from which it rapidly falls by numerous 
outlets into an expansive low-lying irrigation basin (the wide capil- 
laries), whilst it slowly trickles back to the well (the auricle) under 
the pump, which lies below the surface pressure. 


From this diagram the following points can be gathered :— 


1. The great difference between the pressure on the arterial anil 
venous sides of the circulation. 

2. The comparatively slight difference in pressure in the different 
parts of the arterial or of the venous systems respectively. 

3. The suddenness of the fall in the pressure between the small 
arteries and the capillaries, where the great resistance to 
the outflow is met with. 

4, In the large veins the pressure of the blood is habitually 
bglow that of the atmosphere, only becoming positive during 
forced expirations. 


e VARIATIONS IN THE DLOUD-PRESSURE. 


If the blood pressure be recorded with Ludwiy’s Kymograph, & 
tracing will be obtained, which shows that the pressure undergoes 
periodic elevations and depressions of two different kinds, The 
smaller oscillations are found to correspond with the heart-beat, the 
larger waves have the same rhythm as the respiratory movements, and 
the average elevation of the mercurial column is spoken of as the 
mean pressure. In the large arteries of the warm-blooded animals, 
this mean pressure varies with the size of the animal from 90 mm., 
mercury, to more than 200 mm, In cold-blooded animals it is eom- 
paratively low, from 22 mm, (frog, Volkmann), to 84 mm. (large 
fish), 

The general mean pressure in the arteries is increased by: (1), 
increased action of the heart ; (2), increased cchtraction of the mus- 

R 
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cular coat of the arteries; (3), sudden increase in the quantity of 
blood. When the change is gradual, the vessels adapt themselves to 





Fig. 135.—Blood-pressure Curve, drawn by mercurml wanometer. O-—« — zero line 
y—y'= curve with respiratory waves and small waves of heart impulse. .\ 
scale is introduced to show height of pressurfin c ¢ ¢” ~~ 


the increase. The opposite of these conditions may be said to have 
an opposite effect. 

The character of the change in pressure which accompanies the 
heart’s systole, is not exactly shown in the tracing obtained by the 
mercurial manometer, owing to the slugevishness of the movement of 
the mercurial column which, as it were, rubs off the apices of the 
curves. But with thespring Kymograph of Fick, the details of these 
oscillations are marked. They are of couse synchronous with the 
arterial pulse, and follow the variations of tension, as will be de- 
scribed when treating of that subject. (See Figs. 136 and 137.) 

The cause of the undulations in the blood-pressure curve correspond. 
ing to the respiratory movements is not quite 50 simple as it might ap- 
pear to be at first sight, and it has often been misunderstood. Though 
many causes have been given, no single one appears to explain 
adequately all the changes that may occur in this phenvinenon under 
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varying circumstances. At first sight the respiratory movements and 
consequent pressure changes within the thorax would seem to give a 





® Fig. 130- Fick’s Spring Manonneter. 


A hollow C-shaped spring (4), made of extremely thin metal, is tixed at (bd 3) where its 
cavity communicates with tye tube (xk), The topof the C is connected at (a) 
with the writing lever. Any increase of pressure in the tube (x) causes the 
spring to expand and move the writing point (a) up and down. 


@ 

simple mechanical explanation. But if the change occurring in the 
intra-thoracic pressure be examined carefully, it will be found not to 
correspond exactly with the so-called 
respiratory wave of the pressure curve in 
the arterial system. Owing to the lings 
being very clastic and constantly tending 
toshrink away from the costal pleura, as 
may be seen when the thoracic cavity is 
opened and the lunys collapse, the pres- ig ise Srasing oF bi god apres 
sure in the pleural cavity is less than ° aure taken With Fick’s man- 
that of the atmosphere which distends omceter. 

the lungs, 7.¢, the pleural pressure is 

negative, All the viscera in the thoracic cavity are habitually under the 
influence of the negative pressure. Thus the elastic lungs exert a kind 

R 2 
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of traction on the pericardium, and tend to cause a negative pressure 
within the heart and great systemic vessels, both arteries and veins, 
The influence is of course greater in the thin walled veins in which 
the pressure is minimal, than in the thick walled arteries where the 
pressure is so high, that they feel but little the intrathoracic decrease. 

The amount of traction exercised on the pericardial contents by the 
lungs varies with the respiratory movements, being slightly increased. 
during inspiration, and decreased during expiration. The differences 





Lig. 138.—Blood-pressure and Respirators ‘J racings recorded synchronously—recording 
surface moving from right to left—showing that the variations in pressure in the 
arteries (continuous line) and in the thoracic cavity (dotted line) do not exactly 
correspond, the latter continuing to fall after the blood pressure has commenced 
to issue. 


which are thus produced however dwing o1dinary respiration are 
very slight (probably 1 mm., mercury), when compared with the 
mean negative pressure, which, while the thoray ix in an intermediate 
state of extension, is probably about 10 mm., mercury. So slight a 
variation as 1 mm., mercury, could not, by direct action on the aortic 
arch, cause the change of several millimetres which we sce in the 
respiratory undulation in the arterial pressure. We must, therefore, 
seek the explanation in the changes it causes in the great veins, 

It has been suggested that by facilitating the flow from the great 
veins into the thorax, by a kind of sucking «tion, the amount of blood 
entering the right auricle during inspiration may be increased, and 
thus the left ventricles may he better filled and made to beat more 
actively, so as to cause an elevation in the arterial pressure. 

But this view appears to leave the pulmonary circulation out of the 
question in a way hardly justifiable, since it must be traversed by the 
blood before the increased inspiratury inflow to the right auricle can 
affect the left ventricle or the systemic arteries, 
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The sequence of events may be read as follows. During inspira- 
tion the negative pressure on the right heart is increased ; the atmo- 
spheric pressure acting on the tributaries of the superior vena cava is 
unchanged, while the pressure in the abdominal cavity is increased, 
and the inferior vena cava compressed by the muscular action. The 
blood then flows more readily during inspiration into the right heart, 
and consequently the lungs receive a larger supply of blood during 
this period. In expiration the negative intrathoracic pressure 
becomes less negative, the compression of the abdominal viscera is 
relieved, and the flow into the auricle loses somewhat in force. 

It must be carefully borne in mind that the left side of the heart 
works under different conditions, for the same variations of pres- 
sure affect both the pulmonary veins and the left auricle equally, 
since they are both included in the thoracic cavity, and are both 
subjected to a slightly varying neyative pressure. The aid given to 
the flow into the right heart by the low intrathoracic pressure is quite 
absent on the left side ; so that the thoracic movements do not exert 
any influence on the flow of bluod from the pulmonary vein to the 
systemic arteries. But while inspiration is taking place the lungs 
receive 2 larger supply of blood ; and from the relative amounts of 
blood in the different organs it is probable that this slight excess, 
having passed the lungs, arrives at the left ventricle at the period 
of eapiration. Thus, during expiration the left ventricle receives 
from the lynys and ejects to the systemic arteries an amount of blood 
slightly in excess of that which it receives and ejects during inspiration. 
This may have a direct. effet on the presswre in the great arterial 
trunks. But it is mure than probable that excess of blovd in the 
heat cavigies acts as a nervous stimulus, and excites the inhibitory 
centre of the heart and the depressor centres which control the 
arterioles, 

The adoption of this view appears necessary from the following 
facts :— 

(1.) The rise in pressure is not exactly synchronous with expira- 
tion or inspiration : 

(2.) The heart beats more slowly during expiration than in- 
spiration : 

(3.) This difference at once disappears if the vagi be cut, and 
the respiratory wave becomes greatly modified : 

(4.) The respiratory wave is observed when artiticial respiration 
is employed, in which the forcing of air into the lungs is 
the cause, and not the result, of the thoracic movements, 
so that the pressure effects are reversed. 
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The diminution in the pulse-wave in the smaller arteries chictly 
depends upon the fact that the force of the wave is used up in 
distending the successive part of the arteries. In the small arteries 
the extent of surface to which the pulse-wave is communicated is 
enormous, and thereby the wave is much decreased. Moreover, it 
is probable that reflected waves pass from the peripheral end of the 
arterial tree, and meeting the pulse-wave in the small arteries help 
to obliterate it. 

The pulse-wave can easily be shown to take some time to pass 
along the vessels. Near the orifice of the aorta the arterial disten- 
sion oceurs practically at the same time as the ventricular systole, 
but even with comparatively rough methods the 1adial pulse can 
be observed to be a little later than the heart-beat. The dit- 
ference of time between the pulse in the facial and the dorsal artery 
of the foot has been estimated to be one-sixth of a second, and the 
<lifference in the distance of these vessels from the licait is about 
1,500 mim., so that the rate at which the pulse-wave travels is 
nearly 10 metres per second, _ The velocity of the wave is said to be 
regulated by the degree of elasticity in the walls of the vessels, 
and it would appear to be quicker in the luwer than in the upper 
extremity. 

The time that the wave takes tu pass any given point must be 
equal to the time taken to produce it, that is to say, the time the 
ventricle occupies in sending a new charge of blood into the 
aorta, which is about one-third of a second. Knowing the rate at 
which the wave travels (10 m. per sec.) and the time it takes to 
pass any given point (3 séc.) its length maf be calculated to be about 
three metres, or about twice as luny as the longest artery. Thus 
the pulse wave reaches the most distant artery in one-Sixth of a 
second, or about the middle of the ventricular systole, and when 
the wave has quite passed from the arch of the aurta, the summit of 
it has only just reached the arterioles. 

Numerous instruments have been invented for the demonstration 
and graphic representation of the pulsc in the human being. Of these 
the one most commonly used is Marev’s Spliygmograph (Fig. 139), 
by means of which a graphic record of the pulse is made, in the form 
of a tracing of a series of elevations and depressions (Fiz. 140). The 
elevations correspond to the onset of a wave, and the depressions to its 
departure, or to the temporary rise and fall of the arterial pressure. 
In the falling part of the curve an irregularity caused by a slight 
second wave is nearly always seen. This is called the dicrotic wave. 
Eometimes there are mpre than one of these secondary waves, the 
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most constant of which is a small wave preceding the dicrotic, 
called predicrotic; but the dicrotic is always more marked than any 
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Fig. 13. ~Maiey's Sphy gmogiaph. 


The frame (x, 8, B) is fastened to the wrist by the straps ut u,b, und the rest of the 
instrument lies on the forearm. The end of the screw (v) rests on the spring (R}, 
the button of which lies on the radial artery. Any motion of the button at 8 is 
communicated to y, which moves the lever (L) up and down. When in position, 
the blackened slip of glass (r) is made to move evenly by the clockwork (1H) 80 
that the writing point draws a record of the movements of the lever. 


other. Several waves of oscillation can Ve een as a gradually de- 
creasing serivs in tracings taken from elastic tubes, but we cannot 
say positively that they occur in the arteries. When several secondary 
waves exist in the pulse curve the smaller ones probably depend on 
oscillation caused by the lever of the instrument. 

The dicrotic wave does not depend on the instrument, because the 
skilled finger laid on the ragial artery at the yrist can easily detect it, 





Fig. 140.—Tracing drawn by Marey’s Sphygmogruph. The surface moved from right 
to left. The vertical upstrokes show the period when the shock is given by 
the systole of the ventncle. The upper wave on the downstroke shows when 
the blood has ceased to enter the aorta. Then comes the dicrotic depression 
which is a negative wave produced by the momentary backfluw in aorta, and the 
dicrotic elevation caused by the closure of the valves. 


and it cun be directly seen in the vessel when the pulsation in the 

arteries 1s visible, or when a jet of blood escapes from an artery. 
When a new charge of blood is shot into the aorta the elastic wall 

of the vessel is suddenly stretched. At theesame time a shock is 


250 MANUAL OF PHYSIOLOGY. 


given to the column of blood, and the fluid next the valves is moved 
forwards with great velocity. Owing to its inertia the fluid tends to 
pass onwards from the valves, and thus allows a momentary fall in 
pressure which is at once followed by the reflux of the blood and 
the forcible closure of the valves. 

The first crest or apex of the pulse curve corresponds to the shock 
given by the systole, and is greatly exaggerated by the inertia of the 
lever. The crest of the predicrotic wave marks the moment when 
the blood ceases to flow from the ventricle, and therefore it is the 
real head of the pulse wave. 

The dicrotic wave has been explained as (1) a wave of oscillation, 
or (2) a wave reflected from the periphery. If the former, it should 
be less marked than the predicrotic, which by this theory is said to 
be the first wave of oscillation, for each succeeding oscillation is less 
than its forerunner. But, as already mentioned, the dicrotic is in- 
variably the larger. 

There are many reasons why it cannot be a wave of reflection from 
the periphery of the arterial tree; viz., 1. Its curve is not nearer 
the primary wave when the peripheral vessels are approached, 2. 
The arterioleswhich form the peripheral resistance are at too irregular 
distances to give one definite wave of reflection. 3. It is seen in 
the spurting of an artery cut off from the periphery. 4. It increases 
with the greater elasticity and low tension, while the reflected waves 
diminish. 

The dicrotie notch depends upon a neyative wave caused by the 
sudden stop of influw and the momentary reflux of blood before the 
valves are closed ; and the divrotie crest i$ no doubt produced by the 
closure of the aortic yalves, at which moment the sudden check yiven 
to the reflux of the blood column causes a positive centrifugal wave 
to follow the primary wave of the pulse. 

The view thut the reflux of blood and the closure of the valves 
produce the dicrotic wave is supported by the fact that the condi- 
tions which increase the dicrotism—viz. (1) sharp strong systole, 
(2) low tension, and (3) perfect resiliency—promute the recoil and 
closure ; and, on the other hand, the conditions which dimini=h 
the dicrotic wave in the most marked degree, are (1) inefliciency of 
the aortic valves, and (2) a niyid calcareous condition of the arteries. 

It can be shown by means of an clastic tube, fitted with a suitable 
pump and sphygimoyraphs, that when its outlet is closed a positive 
wave is reflected frum the distal end back tv the pump, and when it 
is open a negative centripetal wave is reflected. This fact assists us 
in explaining the variations in the character of the pulse curve of the 
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radial artery where the equidistance of the derived arterioles enables 
the reflected waves to have considerable effect. When the arterioles 
are constricted (a condition corresponding to the closed tube) a posi- 
tive wave centripetal is reflected and is added to the pulse-wave so as 
to diminish the «licrotic notch, and give the curve known as charac- 
teristic of “high tension” pulse, as in Bright’s disease. (Fig. 141, 
II.) On the other hand, when the arterioles are widely dilated (cor- 
responding to the open condition of the tube) a negative wave is 
reflected, and is subtracted from the force of the pulse-wave so as to 
exaggerate the dicrotic notch, and give the tracing characteristic of the 
low tension ” pulse seen in fever, &c. (Fig. 141, ITT.) 





Vig. 141. 


I. Scheme of Normal] Pulse Curve: a, Entrance of ventricular stream into the aorta, 
the lever is jerked tov high to reach *; cb shows real summit of waves; ), point 
at which stream from ventricle ceases ; c, negative wave caused by (1) sudden 
cessatyon of inflow and slight reflux of blood; d, point of closure of aortic 
valves; ¢, positive wave from valves (dicrotic wave}. The time may be measured 
on abscissa ata’ U’ a’. 

II. Scheme of High Tension Pylse Curve. a. Curve of radial pulse, which is the 
resultant of positive reflected wave ¢ added to the primary curve B. 
HI. Scheme of Low Tension Pulse Curve: 4. Radial pulse curve, which is the resultant 
of the negative reflected wave c. subtracted from the primary wave B. (After 
Grashey. ) 


The mean rate of the pulse varies in different individuals, seventy- 
two per minute being a fair average for a middle-aged adult. It 
varies also with many circumstances, which must be borne in mind 
in taking the pulse as a clinical guide. 

1. Aye. At birth it is about 140 per minnte, and is, generally 
speaking, uicker in young than in old people, commonly falling to 
GO in aged persons. 

2, Sex. It is more rapid in females than in males. 

3. Position. It is quicker standing than lying, particularly if a 
patient who has been lying down, stand or sit up, the pulse becomes 
more rapid. 


4, The time of day. 1t gains in rapidity in tRe morning till 9 o’clock, 
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and in the evening till 6 o’clock, and falls in the day time, being 
at its minimum at midnight. 

5. Muscular exercise quickens it. 

6. It is quicker during inspiration than expiration. 

7. It increases with increase of temperature. 

&. It is variously affected by emotions, 


VELOCITY OF THE BLOOD CURRENT. 


The velocity of the blood must not be confounded with the velocity 
of the pulse wave which bears to it the same relation as the surface 
waves on a river do to the rate of the stream of water. 

It has already been mentioned that the general bed of the blood 
increases from the aorta to the capillaries, and decreases from thie 
capillaries to the vena cava, on account of the branches or tributaries 
of nearly every artery or vein being collectively of larger area than 
the vessel from which they spring or to which they may lead ; or, in 
other words, if we imagined the whole vascular system fused together 
into one tube it would form two somewhat irregular cones, one cor- 
responding to the arteries and the other to the veins, with their bases 
placed at the capillaries and their upices at the heart. Between the 
two a atill wider aggregate would represent the capillaries. Compare 
Fig. 128, p. 231. 

Since the same quantity of blood must pass through eaclfsection of 
these cones in a given time, the rate at which it flows must vary greatly 
in the different parts, beifig faster in propo@tion as the diameter of the 
part is narrower, in accordance with the well-known physical law 
that with the same amount of liquid flowing its velocity changes 
inversely with the diameter of the tube. Thius, the mean velocity of 
the flow in the arteries becomes slower and slower as the capillaries 
are approached, and in the wide led of the latter the rate of the 
current is reduced to a minimum. In thie small veins the rate is 
slower than in the larger trunks, but on the venous side its rapidity 
never reaches that of the aorta, whe1e it may be said to move at least 
twice as quickly as in the vena cava. 

The following table may be useful in giving a general idea of the 
average velocity in different parts of the circulation :— 


Near valves of aorta—while the ventricles are contract- 
ing it reaches 1200 mm, per sec. 

Descending aorta . : . 300—600 

Carotid . : , ~ . 205—357 
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Radial . : : : . 100 mm. per sec. 


Metatarsal . . . 87 s 
Arterioles .. ; . 650 m 
Capillaries . : a | SD ‘ 
Venous radicles ‘ . 25 ” 
Small veins ondorsum of hand 50 a 
Vener Cave. ~ . 200 rf 


In the aorta near the valves the blood current vaiies in rapidity, 
because the flow through the aortic orifice is intermittent, and this 
variation must be more or less conununicated to the neigbouring arteries 
in the form of an increase of rapidity coincident with the beat of the 
arterial pulse. The variation in the rate of the blood-flow which is 
caused by the heart-beat diminishes with the force of the pulse as the 
smaller arteries are approached, and finally ceases completely in the 
capillaries where under ordinary circumstances the flow is perfectly 
continuous. In the first part of the aorta the velocity of the blood- 
flow is reduced to nil after each ventricular beat, while in the capil- 
laries no change is perceived. Between these two extremes all 
gradations may be found, which follow the same rules as the pulse. 

The seneral mean velocity varies directly with the blood pressure, 
which bears an inverse relation to the calibre of the arteries, and 
further, the mean velocity in any one artery, and its branches, will 
vary with the diameter of the vessels, which are constantly under- 
goin local changes in size. 

Generally speaking, quick heart-beats cause increase in velocity of 
the stream, but no definite or invariable relation exists between the 
two, the vasomotor influences having, no doubt, much more effect 
than the heart-beat on the rate of the stream in the smaller vessels. 

In looking at the blood passing through the small vessels of a 
transparent tissue, such as the frog’s tongue or web, it appears that 
different parts of the column of fluid move with different velocities. 
Down the centre of the stream the red corpuscles are seen coursing 
rapidly, while between the central part and the vessel wall on each 
side a pale line of plasma can be recognised, which seems to flow 
more Slowly and to carry with it only a few white corpuscles. 

In the veins the velocity varics enormously with a variety of cir- 
cumstances which have little or no effect on the arterial flow. Thus, 
the position of the body or limb, the activity of the neighbour- 
ing muscles and the respiratory movements alter it, but as a general 
rule the flow in the veins is pretty steady, there being no pulsation or 
corresponding variation of velocity. In the large vessels the onward 
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flow is affected by the contraction of the auricles. During the auri- 
cular systole the veins cannot empty themselves, and therefore there 
is a slight check to the onward flow, and the velocity of the current 
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Fig. 142.—Small portion of Frog's Wcb, very bighly magnitied. ‘Huxley.) 


a. Wall of capillary vessels. rE. Pigment cells contracted. 

s. Tissue lying between the capillaries. ¥. Red corpuscles (ova in the frog). 

c. Epithelial cells of skin, only shuwnin = G. u. Red corpuscles squeezing their way 
part of specimen where the surface is through a narrow capillary, showing 
in focus. * their elasticity. 


p. Nuclei of epithelial cells. 1, White blood cells. 
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is accordingly reduced. In cases where the auricles are dilated and 
distended with blood this may cause a definite pulsation, which be- 
comes visible in the great veins of the neck. 


WoRK DONE BY THE HEART. 


This can only be determined when the mechanism of the vessels 
is understood. The amount of work done by any form of engine 
may be expressed as so many kilograinmetres per hour. That is to 
say, the numbers of kilogrammes it could raise to the height of one 
metre in that time. 

The left ventricle moves with each systole about 0°188 kilogrammes 
of fiuid against an arterial pressure corresponding to 3°20 metres 
height of blood, 7.¢., 0°188 * 3°21=0°604 kilogrammetres for each 
systole. This at 75 per minute for 24 hours would be— 


0°604 x 75 x 60 x 24= 65,230 kilogrummetres, 


The right ventricle does about one-third as much work as the left, 
making a total of 86,970 kilogrammetres for the ventricles. Or, in 
other words, the heart of a man weighing twelve stone does as much 
work in twenty-four hours as would be required to lift his body 1248 
yards into the air, 1e., nearly ten times as high as the top of St. 
Paul’s Cathedral. 


CoNTROLLING MECHANISMS OF THE BLOOD-VESSELS. 
SB e 
Taso- Motor Nerves. 


That the arteries possessed, as well as clastic resiliency, vital con- 
tractibility which reculated the amount of blood flowing to any given 
part was well known to John Hunter. 

The muscle cells have also been long since clearly demonstrated in 
the middle coats of the arteries, but nothing was known of the nervous 
channels which bore the stimulus to the vessels, or the nerve centres 
which regulated their contraction, until comparatively recent times, 

The first knowledge concerning special nervous arrangements for 
the control of the muscular wall of the vessel was given to us by 
Claude Bernard, in his notable experiment of cutting the sympathetic 
nerve in the neck, which was always followed by an increase in tem- 
perature of that side of the head, and a yreat expansion and over- 
filling of the arteries. 

It was further observed that stimulation of the superior ganglion of 
the sympathetic brought about an opposite "result, namely, a loss of 
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temperature and contraction of the vessels on the same side as the 
stimulus was applied. If the stimulus was much inercased, the 
vessels contracted much more than the normal amount, but on 
cessation of the stimulus they became greatly dilated above the 
normal point and the temperature rose again, but after a time the effect 
of the stimulus gradually passed off. From thisit was concluded that 
the sympathetic in the neck conveyed to the muscles in the blood- 
vessels impulses which caused a certain amount of habitual contrac- 
tion of the vessel wall, which was called tonic conti action, corresponding 
to what was already recognised as arterial tone. When the nerve was 
divided this tone cisappeared, but when gently stimulated it reap- 
peared, and when more stronely stimulated an exaygerated contraction 
set in causing complete occlusion of many of the vessels. 

Subseyuent eaperiments have shown that all the vessels of the 
body are supplied with similar vaso-motor nerves, section of which 
destroys their tone, while their stimulation causes contraction of all 
the vessels in the territory presided over by the stimulated nerve. 

Experiment has also shown that these nerves come from the 
cerebro-spinal axis, passing out from the spinal cord as “ communica- 
ting nerves,” commonly becoming associated with the sympathetic 
chain, and are distributed to the vessels either ay special nerves, 
branches of the sympathetic (as the splauchnics), or with the general 
peripheral nerve trunks. 

The nerve centre, which goverus the vast majority of the vaso-motor 
channels, lies in the upper part of the medulla oblongata in the floor 
of the fourth ventricle. his is proved by, two facts: 1st, most of the 
brain may be removed without diminishiny the arterial tone ; and 
Qnd, if the spinal cord be cut below the medulla (artificial respira- 
tion of course being kept up) the mean blood pressure is found to fall 
imincdiately almost to zero, which is due to the relaxation of the 
smaller arteries consequent on the paralysis of their muscular coat. 

The same can be seen in the web of a frou, in which the medulla 
has been destroyed (pithed) while the circulation is being studied. The 
small arteries dilate and the pulse becomes apparent in the capillaries, 
and even in the veins. From these facts it seems highly probable 
that in the medulla oblongata a vaso-motor centre exists, which 
regulates the contraction of all the vessels, and keeps them 
constantly more or less contracted ; the centre receiving some con- 
tinuous stimulation, which results in a slight general vascular con- 
striction or arterial tone. The existence of such a centre in the 
medulla, and of nerve channels in the cord leading from such a centre 
is made certain by the fact that if a gentle stimulus be applied to a 
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certain part of the medulla, or just below it, simultaneous general 
vascular constriction sets in and is indicated by a great and sudden 
rise in the blood pressure. 

The action of the vaso-motor centre can be increased, and thereby 
the tone of the vessels elevated, and the pressure raised, either by 
(1) direct or (2) reflex excitation. If the blood flowing through the 
medulla contains too little oxygen or too much carbonic anhydride 
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Fig. 143.—Kymographic tracing showing the effect on the bloud-pressure curve of 
stimulating the (ential end ot the depressor nerve in the rabbit. The recording 
surface moving fiom left t® vight. (©) Comme&icement and (o) cessation of 
stimulation. There is considerable delay (latency) in both the yroduction and 
cessation of the effect. (1) Miaurks the rate at which the recording surface moves, 
and th@line below is the base line. (Foster ) 


it stimulates the centre directly and the blood pressure rises. This 
may be seen by temporarily suspending artificial respiration during 
an experiment on blood pressure. Reflexly the activity of the vaso- 
motor centre can be increased by (1) the stimulation of any large 
sensory nerve, or (2) hy sudden emotion (fear). 

The tone of the arteries may he diminished by lessening the 
activity of the vaso-motor centre by the stimulation of a peculiar 
afferent nerve, the anatomy of which has been made out in the rabbit, 
and probably has its analogue in man, and which passes from the 
inner surface of the heart to the medulla. The effect of stimulation 
of this nerve in lowering the pressure is so great that it has been 
called the depressor nerve. Some emotions (same) may also reduce 
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the activity of the centre, as is seen in blushing, which is simply 
dilatation of the facial vessela. 

Besides this chief yaso-motor centre it is probable that in the 
higher animals, as certainly is the case in the frog, other centres are 
distributed throughout the spinal cord which seem to be able to take 
the place of the great primary centre. For after the spinal cord has 
been cut high up, the hinder extremities more or less recover their 
vaso-motor power in a few days, and destruction of the lower part 
of the spinal cord causes renewed vaso-motor paralysis. In frogs this 
is very well marked, the centres being less confined to the medulla 
than is the case in the more highly organised animals. 

During recent times numerous investigations on the subject of 
vaso-moter nerves have, no doubt, thrown much light on the 
subject, but these inquiries have not made the nerve mechanism by 
which the various vascular areas are governed sv clear or sv obvious 
ws might be wished. 

In order to explain and reconcile the various experimental trutlis 
on this subject (tou numerous to be mentioned here), we must suppose 
that the vaso-motor nerve mechanisms are very complex. The sup- 
position of some such arrangements as the following may help to 
simplify the matter in some degree to the student. 

1, The blood-vessels have muscular elements which, thongh com- 
monly controlled by ner ves, are (i ipable of automatic activity, A free 
supply of arterial blood is a sufficient stimulus for their moderate 
action, and mechanical or other stimulus is capable of exciting in- 
creased constriction. We know that such automatic contractile 
elements exist in some of the lower ahimals (snail's heart, hydra, 
&c.), and we have no reason to doubt their existence in manuals, 
Moreover, such a hypothesis obviates the necessity of supposing that 
local nerve clements exist, which we cannot recounise morpho- 
logically. 

2. In the medulla oblongata (in close relation to the centres 
governing the respiratory, cardiac, intestinal, and other movements 
subservient to the vegetative part of the economy) there exist nerve 
centres which constantly cxert an inportant influence over the 
activity of the vessel muscles. These groups of nerve cells called the 
vaso-motor centres, are intimately connected with the centres which 
preside over the functional activity of various organs and parta, 
and are also closely related to the nerves coming from all parts of 
the circulatory apparatus. From these centres impulses of two 
distinct kinds may emanate, the one increasing the action of the 
contractile elements, and the other inhibiting it. 
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3. Direct communication between this vaso-motor centre and the 
contractile elements in the middle coat of the blood-vessels is kept up 
by means of efferent nerve channels of different sorts, some bearing 
stimulating (vaso-constrictor) others inhibitory (vaso-dilator) impulses, 
these being conveyed by nerve fibres which run side by side in the 
same nerve cord. 

4, The activity of the contractile elements of any given vascular 
urea may be altered by impulses arising from different sources. 
(a.) Local influences under ordinary circumstances are brought but 
little into play, but, if cut off from the nervous centres, are capable 
ef controlling the local blood supply by changing the degree of 
arterial constriction. (8.) Central influences from the medulla, are 
habitually in action, affecting all the vessels and keeping up the 
vascular tone. These impulses are variously modified by changes 
necurring in distaut parts of the circulatory apparatus, and can be 
regarded as «a general regulating mechanism. They probably pars 
through the sympathetic chain. fy.) Special influences, which are 
associated with the functions of the different parts and organs, are 
only called into operation during the performance of the function, 
whatever it may be. These impulses probably are conveyed by 
the same nerves as excite the various furms of functional activity, 
namely, ordinary peripheral nerves. 

These three set» of influences me variously brought about in dif- 
ferent parts, and thus we find that section or stimulation of the 
different nerves vives vaso-motor effects which appear contradictory. 

Section of a sensory nerye causes temporgry vaso-motor paralysis, 
owing to the tonic constrictor influence being cut off. Stimulation of 
the peripheral stump causes vaso-cunstriction from excitation of the 
same fibres, 

The stimulation of a motor nerve-fibre causes an increase in the 
flow of blood, or in other words, ix associated with a vaso-dilator 
elfect, probably dependent on the inhibitory effect of certain centri- 
fugal fibres which control the local agencies, 

Thus we must suppose that there exist local agents under the 
control of the medullary centres, and that there are two distinct 
efferent and afferent sets of exciting and inhibitory fibres passing 
between the centre and periphery, along two perfectly distinct 
routes ; one being in the direct track of the ordinary functional 
nerve of the part, the other being in the sympathetic, which to a great 
extent runs along the vessels themselves, and forms most intricate 
networks capable of carrying impulses in all imayinable directions. 
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CHAPTER XVIII. 
THE MECHANISM OF RESPIRATION. 


In its course through the circulation the blood undergoes a series 
of necessary modifications. The condition of the fluid is thus con- 
stantly being altered as it passes from one part and organ to another. 

It has already been seen that a quantity of nutrient material is 
taken up by the blood on its way through the capillaries of the 
alimentary tract. Further, a stream of lymph and chyle is constantly 
pouring into the great venous trunks, so that from two sources the 
blood is steadily increased in quantity. But the most urgently 
essential addition to the circulatory fluid is that which it receives in 
the capillaries of thelurgs. All the blood passes through these organs, 
in order that the changes taking place in the general systemic capil- 
laries may be counteracted in the lungs. These gas interchanges will 
form the subject-matter of the present chapter ; and the more special 
modifications which the blood undergoes in the ductless glands, the 
spleen, the liver, &c., as well as in the kidneys and other excretory 
glands, will be considered in subsequent ghapters. 


As has already been pointed out (Chapter V.), an animal during 
its life may be said to use the substances supplied to it in food as 
fuel, and thus to acquire the energy which is bound up in them, for 
the activities of the various tissues are really combustions, being 
invariably associated with an oxidation of some of the carbon 
compounds, so as to produce carbon dioxide and water. In onler 
that the strnctures may undergo this change they must have a 
ready supply of oxygen constantly at hand, and moreover the car- 
bon dioxide which is formed in the process must be removed, or 
farther combustion would be frustrated. A regular income of oxygen 
and a regular output of carbon dioxide are then essential to life ; 
hence we find in almost all animals special arrangements by means 
of which these gases can find their way to and from the tissues and 
external air respectively. These gas interchanges form the very 
important function of Respiration. 
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Here, as in the case of the nutritive materials, the blood acts as 
the carrier between the tissues and the outer world. The pulmonary 
half of the circulation is devoted to the gas interchange between the 
blood and the atmosphere, and is sometimes spoken of as external 
respiration. The gas interchange between the blood and the tissues 
goes on in the general systemic capillaries, and has therefore been 
spoken of as the internal or tissue respiration. 

The special arrangement for the taking up of oxygen from the air, 
and for the giving up of carbonic anhydride to the air is named the 
pulmonary apparatus. In mammalia this is so far perfected that all 
the necessary gas interchange can be carried on by the lungs, and the 
respiratory influence of the external skin or the mucous passages may be 
regarded as insignificant. But it should be remembered that when- 
ever the blood is in close relation to oxygen, as in the case of 
swallowed air, the oxygen is soon absorbed by the blood. 

In the lower animals the cutaneous surface aids very materially in 
respiration, and thus frogs can live from this cutaneous respiration 
alone for an almost indefinite time. 

In the lungs the change consists in oxygen being taken from the 
atraospheric * air by the blood and carbonic anhydride being given off 
from the blood to the air. In the capillaries, on the other hand, the 
blood takes the carbonic anhydride from the tissues, and yields to 
them a great portion of its oxygen. 

In the, lowest class of animals (¢.g., amocba) we find no special 
organs for the purpose of respiration, the gas interchange being suffi- 
ciently provided for by thg exposure of the general surface of their 
bodies to the medium in which they live, namely, water. 

Other gnimals have some special apparatus for the purpose of 
respiration. This apparatus has always the same essential object, 
that of exposing their tissues to a medium containing oxygen, and of 
removing the carbonic acid sas. 

In some of the invertebrate animals it suffices to distribute the 
medium containing oxygen throughout the tissues of the animal by 
means of tubes, Thus in the Echinodermata a water vascular system 
exists which seems to carry on the function of respiration. A similar 
distribution of oxygen takes place in arthropoda, delicately branch- 


_ * The composition of the atmosphere is everywhere remarkably constant, in spite of 
ita oxygen being used up by living beings. It consists of — 


* ’ : j ‘ - 21 vols. 
Nitrogen ee ee ee er ae 
Moisture (variable) .  . . . ‘Sper 
Carbonic acid gas (also variable). .© 04, 
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a open tubes (traches) distribute air to the tissues of the animal’s 
y. 

When more active changes occur in the tissues there is always a 
perfect blood vascular system, and the blood is invariably used as the 
distributing and collecting agent of the gases in the tissues, and by 
flowing through some special organ exposed to the surrounding 
medium it ensures the gas-inter- 
change between the body and the 
outer world. These organs are 
formed on two general types : (1) 
external vascular fringes ; and (2) 
internal vascular sacs, 

Animals living in water have 
commonly the external fringe ar- 
rangement (gills) whilst those living 
in air have sacs (lungs). Some 
animals (frogs, toads, &c.) have 
gills in the early stages of their 
life and lungs when they are more 
fully developed. In frogs and 
serpents the lungs are simple sacs, 
with the inner surface increased 
by folds of the lining membrane, 
which gives it a honey-gomb ap- 
pearance; into each sac opens one 
of the divisions of the air-tube. 
In crocodiles the air-tubes divide 

branch into two large bronchi, ito several branches whjch open 

which subdivide after they enter into aseries of anfractuous vascular 

their respective lungs. recesses which communicate one 
with another. 

In birds wide bronchial tubes course through the lung tissue to 
reach large air cavities, and their walls are studded with the open- 
ings of innumerable air cells, there being, however, no terminal 
vascular air cavities as in the maminalian lung. 





The respiratory apparatus of mammals consists of (1) vascular sacs 
filled with air, known as the lung alveoli; (2) channels by which 
these saca are ventilated—the air passages ; (3) motor arrangements, 
which carry on the ventilation of the lungs—the thorax. 

1. The lungs are made, up of innumerable minute cavities (alveoli), 
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with thin septa springing from the inner surface Ao as to divide the 
apace into several compartments or air-cells. Each of these cavities 
forms a dilatation on the terminal twig of a branching bronchus, and 
may be regarded as an elementary lung. The aggregate of these 
cavities, and the branches of the air passages and vessels distributed 
to them make up the structure of the lung. 

The walls of the cavities are formed chiefly of fine elastic fibres, 
and the surface is lined with exceptionally delicate and thin celled 
epithelium. Supported in 
the delicate frame-work of 
elastic and connective tissue 
is the remarkably close-set 
meshwork of capillaries, in 
which the blood is exposed 
to the air. The delicate 
wall of the vessel, and the 
thin body of the epithelial: 
lining cell are the only 
structures interposed be- 
tween the blood and the 
air, 

2. The air passages are 
kept permanently open dur- 
ing ordingry breathing by 
the elasticity of more or Fig. 145.—Section of small portion of Lung in 





ssa ‘ which are ‘een a bronchial tube with its 
less rigid tissues. : The plicated lini’ mucous membrane im the 
trachea and bronchi have centre, and the larze blood-vessels at the 
special caytilaginous springs miles. cut acess. Loose areolar Haene and 
: numerous lymphatics surround the large 
for the purpose. These are vessels and separate them from the lung 


closely attached to the fibro- tissue. 

elastic tissues which com- 

plete the general foundation of the walls of the tubes, The air 
passages are throughout lined with ciliated cylindrical epithelium, 
which, at the entrance to the infundibula, loses its cilia, and forms 
but a single layer of flattened cells. 

The air-passages are supplied with muscle tissue of different kinds. 
Besides the ordinary striated muscles that control the opening of 
the anterior and posterior nares and pharynx, a special set surrounds 
the upper part of the larynx, and is capable of completely closing 
the glottis, and thus shutting off the lung cavities, and proper air 
passages from the outer air. (V., fig. 144). 

In the trachea a special muscle exists which can narrow the wind- 
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Fig. 146.—Muscles of Larynx, viewed from ibove. 


Th. Thyroid cartilage. ThA Thyro-arytenoid muscle 

Cr. Cricoid cartilage. cal Lateral erico-arytenoid muscle 
V. Edges of the vocal cords, cap Fostenor cnco-arytenoid muscle 
Ary. Arytenoid cartilages. > p Postenor arytenoid muscle 





Fig. 147.—Tranaverse section of part of the wall of a medium-sized bronchial tube. 
x 80. (F. E. Schultze.) 


4. Fibrous Iayer containing plates of cartilage, glands, &c. 
b. Coat composed of ungtriated muscle. ¢. Elastic sub-epithelial layer. 
d. Columnar ciliated epithelium. 
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pipe by approximating the extremities of the C-shaped springs that 
normally preserve its patency. 

In the bronchial tubes a large quantity of smooth muscle cells 
exist, for the most part being arranged as a circular coat, which 
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Fig. 148.—Section of a portion of Lung Tissuc, showing part of a very small bronchus 
cut across, (F. E. Schultze.) 


a. Fibrous layer containing blood-vessels. c. Layer of elastic fibres, 
b. Laye®of unstriated muscle. d. Ciliated epithelium. 


is best developed in the sraall tubes (fig. 148, 0). As we pass from 
the large to the smaller bronchi the walls become thinner and less 
rigid, and the cartilaginous plates and fibrous tissue gradually 
diminish, while on the other hand the muscular and elastic elements 
become relatively more abundant. 

The external surface of the lungs is completely invested by a 
serous membrane—the pleura, which is reflected to the wall of the 
thorax from the roots of the lungs, and completely lines the pleural 
cavity in which they lie. Thus the lungs are only attached to the 
thorax where the air passages and great vessels enter, the rest of their 
surface being able to move over the inner surface of the thorax, and 
to retract from the chest wall if air be admitted into the pleural 
Bac. 

3. The thorax, in which the lungs are placed, is a bony framework, 
the dimensions of which can be altered by the muscles which close 
in and complete the cavity. 


The framework is a rounded blunt cone composed of a set of bony 
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hoops—the ribs, attached by joints to a bent pliable pillar—the 
vertebral column, and held together in front by the sternum, to 
which they are attached by resilient cartilaginous springs. The ribs 
slope downwards and forwards, and are more or less twisted on them- 
selves about the middle of the shalt. 

The first pair of ribs, which encircles the apex of the thoracic cone, 
forms part of a short flattened hoop. It slopes downwards in 
front to reach the sternum. Each succeeding 
rib from above downwards increases in length, 
in the amount of its slope downwards and 
forwards, and in the obliquity of its shaft. 

The floor of the thorax is formed by a 
dome-shaped muscle—the diaphragm, which 
bulges with its convex side into the 
cavity, and separates the thoracic from the 
abdominal viscera. The upper outlet is closed 
around the trachea by several muscles, which 
pass obliquely upwards from the first rib to 
the cervical vertebrae, and hold the upper 
part of the thorax in position. These muscles 
can also elevate as well as fix the first rib, 
as will be seen when speaking of the muscles 
in detail. The intervals between the ribs are 
filled up by two sets of muscle fires, which 
cross one another at right angles, and are 
aftached to the margins of the neighbouring 
ribs. 

The base of the thorax is conngcted by a 
number of strong muscles with the pelvis and 
the spine, whence they pass upwards to the 
lower ribs. The anterior muscles pull down 
the sternum and anteiior part of the ribs. 
The posterior fix and extend the last rib. 
girl alr Soe From a mechanical point of view the thorax 

in the poation of lay be regarded as a specially arranged bel- 

. atle inspiration, ows, the dimensions of which may be increased 
showing the down iu all directions, 

Within the framework of the bellows is 

an clastic bag, with the interior of which the 

outer air communicates by an air-pipe, which is the only passage 

between the atmosphere and the interior of the bellows. When the 

framework enlarges its Capacity the pressure of the atmosphere pushes 
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a stream of air into the elastic sac, so as to distend it, and thus fill 
the space caused by the expansion of the frame-work. ; 
By the motions of the framework a stream of air passes in or out 
of the sac ; a small quantity of the air contained in the lungs is thus 
changed at each breath, and a certain standard of purity kept up. 

In order to fully understand the motions by which the thorax is 
enlarged, much more detailed knowledge of the anatomy of the 
bony case and its muscles must be gained than can possibly be given 
here. 


THORACIC MOVEMENTS. 


Physiologically the motions are divided into two sets—(1) those 
which enlarge the thoracic cavity, and cause the air to rush into the 
lungs, called inspiration ; and (2), those which diminish the size of 
the thorax and force out the air, called expiration. 

No action of life is more familiar than the rhythmical movements 
of respiration. The slow quiet rise and fall of the chest and abdomen 
are the signs most commonly sought as indicative of life ; for every 
one knows that constant ventilation must go on in order that the 
blood may readily obtain the necessary amount of oxygen and get 
rid of the carbonic acid gas, the ordinary diffusion that takes 
place in the motionless chest being quite insufficient to remove the 
heavy carlonic acid gas from the lungs. 

The rhythm of the respiratory movements may be represented 
graphically in many ways, by recording either the changes in the 
diameter or circumference of the thorax, or by the variations of the 
pressure in the air-passages, These methods more or less correspond, 
and give curves of somewhat the same character. 

The rate of the respiratory movements are up to a certain point 
under voluntary control, and may be varied by the will, or stopped 
as when one holds one’s breath. 

The voluntary control of the respiratory movements is however 
limited, for if we hold our breath for any length of time, a moment 
soon arrives when the “necessity of respiration” overcomes the 
strongest will, The usual respiratory movements are carried on 
without our being conscious of them, and are, therefore, properly 
involuntary. 

The rate of the respiratory movements varies according to circum- 
stances, being in an adult man about 18 per minute; in most 
of the lower animals it is much more rapid. It varies with age, 
being very rapid at birth, decreasing slowly to about 30, and slightly 
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thaing towards old age. The following Table (Quetelet) illustrates 


this :— P 
A new-born infant . . . respires 44 times per minute. 
Byears. ee i 20. 9 
15-20 5 - .  . » 2 5 9 
20—25 , . «. gg 187, . 
25—30 ,, . ; ' zs 16, ‘ 
30—60 i=, : oa ‘3 181 ,, is 


Muscular exercise increases the rapidity of the respiratory 
movements, and, consequently, the effort of standing produces 
a more frequent respiration than is found in the recumbent posture. 
Emotions variously affect the rate and rhythm of the inspiration 
and expiration (¢.g., sighing) ; aud, finally, morbid conditions, impli- 
cating the lungs, usually cause a greater frequency of respiration, 
sometimes attaining a rate of as many as 60—70 respirations per 
minute. 

The thorax is enlarged in all directions during inspiration, the 
motion being usually i:eferred to the vertical, tranverse, and antero- 
posterior diameters respectively. 

The vertical diameter is increased by the descent of the lateral 
parts of the diaphragm, and the slight elevation of the parts about 
the apex. 

The lateral diameter is widened by the side-droop of the ribs being 
lessened ; each rib is rotated upon the line uniting its extremities, 
and at the same time igmoved upward and outward. 

The antero-posterior diameter is cnlarged by the general elevation 
of the ribs and sternum, the anterior extiemities of the ribs, being 
drawn up from their zeneral downward incline, push the stesnum 
forwards. 

The movements of the diaphiagm depress the abduminal viscera 
lying beneath it, and thereby distend the elastic abdominal wall 
and compress the gases contained in the intestines. Thus the diu- 
phragmatic movements cause a rhythmical heaving of the abdomen. 
Respiration depending chiefly on the action of this one muscle is 
therefore spoken of as abdominal respiration. On the other hand, 
when the ribs are the chief cause of expansion of the upper parts of 
the chest it is called thoracic or costal respiration. 

These two types of respiratory movements may he imitated volun- 
tarily, and are variously combined in different individuals during 
ordinary respiration, and in the same individual under different 
circumstances, 
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In men the general character of the ordinary quiet respiration is 
abdominal, the movement of the thorax being insignificant in com- 
parison with that of the abdomen. 

In women the reverse is the case, the abdominal movements are 
slight when compared with those of the upper part of the thorax. 
This difference is only well marked during quiet unconscious 
breathing ; any forced or voluntary respiratory effort changes the 
typical character of man’s breathing, and the costal movements 
become more prominent. In a forced deep inspiration the upper 
part of the chest shows the greatest increase in the antero-posterior 
diameter in both sexes. 

This difference in type between male and female respiratory 
movements has been ascribed to different causes. The most common 
of these is the change brought about by the costume ordinarily 
ulopted by females. This can hardly be an adequate explanation of 
the phenomenon, for we find the same type existing when the tight 
garments are removed, and it is apparent in those who have never 
been constricted by tight clothing, and even in cases where no 
clothing at all has been used, as amongst the inhabitants of hot 
countries ; so that, though the corset may induce an exaggeration of 
the costal respiration, by constricting the lower ribs and interfering 
with the action of the diaphragm, it would not seem sufficiently to 
account for the normal physiological costal tvpe of breathing found 
in women, 

The occasional distention of the abdomen during pregnancy has 
also been assigned as a cause of the female type of breathing. That 
this type of breathing should be transmitted from our female ances- 
tors is possible, but it is very unlikely that pregnancy is the sole 
agency in producing it, since in childhood the costal type is marked 
in both sexes. It is probable that the abdominal breathing of the 
male is also acquired und increased ‘by hereditary transmission, and is 
really due to the gradual increase in the development of the muscles 
of the upper extremity in males, causing o yreater fixedness of the 
upper ribs from which they take origin. 


INSPIRATORY MUSCLES. 


The act of inspiration is not performed by any single muscle ; indeed, 
even the most gentle and quiet respiration requires the co-ordinated 
action of many sets of muscles. Most of these muscles have other 
duties to perform besides helping to produce respiratory movements, 

Those which are strictly inspiratory in thebr function are :-— 
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+ « 1, The Diaphragm with its accessory Quadratus Lumborum to 
fix its origin from the last rib. 
2. Levatores costarum (including the scaleni) with their acces- 
sory intercostals, which act chiefly as regulators. 
3, The Serratus porticus superior. 


The Diaphragm is the most important inspiratory muscle. 


It is 


the only one muscle which unaided can keep up the necessary tho- 





Fig. 150.—Diagram of a section made 
vertically from side to side through 
the thoracic and part of the abdom)- 
nal cavities to show the position of 
the diaphragm, which is indicated by 
the dark line (p p) placed on the 
parte of the muscle that descend in 

p. Pericardial cavity. 

ui. Liver. 

8. Stomach. 

R. Roots of lungs cut through. 


racic ventilation, and, in injury 
of the spinal cord, owing to its 
isolated nervous supply, it may 
be called upon to do so. 

During ordinary quict breath- 
ing in the male it does the 
vreater part of the work. 

Whea not in action, a great 
part of the muscular sheets of the 
diaphragm lies in direct contact 
with the inner surface of the lower 
costal part of the thoracic wall, the 
rest is higher than the central ten- 
don that forms the floorof the peri- 
curdium and is fixed in one posi- 
tien, During inspiration these 
lateral parts are separated from 
the ribs and drawn below the 
level of the central tendon by 
the contraction of the muscular 
fibres. The separation is aided 
by the abduction of the floating 
ribx, which is accomplished by 
the quadratus lumborum and 
the deep dorsal muscles, 

In order that the diaphragm 
may act to the best advantage, it 


is necessary that its attachments be fixed by the other muscles ; for 
when the quadratus lumboram, levatores and other fixing muscles are 
not acting, the lower floating ribs are drawn in by the diaphragm, 
and the power of that muscle is much diminished by the approxi- 
mation of its attachments, This may be seen in spinal injuries 
when the respiration is carried on by the diaphragm alone, In 
these cases a circularefurrow marks the line of attachment of 


- RESPIRATORY MUSCLES. 
the muscle to the lower ribs and their cartilages, which are drawn 
inwards during each inspiration, the breathing being of course purely 
abdominal in type. 

The Quadratus Lumborum, which passes from the pelvis to the last 
rib has, besides the action in aid of the diaphragm just mentioned, the 
power of drawing down the lower out- 
let of the thorax, in which it is helped 
by other abdominal and dorsal muscles. 
In this action it may be regarded as 
the antagonist of the next group. 

The Scalent muscles, which pass down 
from the lateral aspects of the cervical 
vertebree to the first two ribs, which 
they raise so as to draw up the upper 
outlet of the thorax. The quadratus 
and scaleni muscles thus act upon the 
thorax in the same way as the hands 
when extending a concertina. 


1 Fig, 151.—Diagram showing in- 
The Levatores Costarum are small Pa acai hetueen the: Godtiin 





muscles, but on account of their num- of the diaphragm in expira- 

: ; tion (¢, ¢) and inspiration 
ber, their aggregate force is much (ii). The in ae 
greater than is commonly thought. city is shown by the white 
They are short, thick muscles, which areas, 


pass obliquely downwards and outwards 

from the ‘transverse processes of the «dor-al vertebrae to the angle of 
the ribs. Their only action is to raise thg angle of the ribs, and 
thus remove their anterior and lateral downward slopes ; by so doing 
they increase the intervals between the ribs and enlarge the lateral 
and the ‘antero-posterior diameters of the chest. Thus they are 
purely muscles of inspiration, and probably, acting with the 
diaphragm and the scaleni, are the chief workers in ordinary 
breathing, 

The Intercostals produce different effects on the ribs according to 
the different sets of muscles with which they act in association. They 
never act alone, and it is therefore idle to try to ascribe to them anv 
constant specific inspiratory or expiratory action. Generally speaking, 
the intercostals approximate the ribs, and by this action they stiffen 
the thoracic wall and help to elevate the thorax when its upper part 
is fixed, or, when its lower part is fixed, to depress it. 

Now, if both the upper and lower margins of the thorax be held 
firmly by strong muscles, as really occurs in inspiration—from the 
action of the quadratus and scaleni— the intercostals cannot approxi- 
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mate the ribs. Under these circumstances the results which follow 
their contraction will be twofold, viz. :—(1) the sternum will be 
pushed forwards, and the antero-posterior diameter of the thorax 
thus increased ; and (2) the 
spaces between the ribs, which 
are widened by the other 
muscles, are kept rigid and 
prevented from sinking in- 
wards when the intra-thoracic 
pressure falls, When acting 
with the elevators of the ribs 
both intercostal layers of 
muscle have an inspiratory 
effect. But when the elevators 
of the ribs are passive the 
intercostale, acting with the 
anterior abdominal muscles, 


Fig. 152.—View from behind of four dorsal draw down the ribs, and act 
vertebree and three attached ribs, show- 28s muscles of expiration. 





ing the attachment of the elevator mus~ i f 
cles of the ribe and the intercostals. For forced breathing an 
(Allen Thomson.) enormous number of muscles 
1, Long and short elevators. may be called into play during 
. at paler aaa the inspiratory effort, as may 


be seen during occlusion of 
the air passages, where all the 
thoracic, cervical, facial, abdominal muscles, and even the muscles 
of the extremities, one after another, afe thrown into a recurring 
xpasm before suffocation ends the patient’s life. 

Among the muscles which lend their aid when more energetic 
inspiratory movements are required, may be mentioned the sterno- 
mastoid, which helps the scaleni to elevate the front of the thoracic 
wall; the pectoral muscles and the great serratus which asvist when 
the arms are fixed; and also the deep muscles of the back, which 
straighten the spine, and act upon the vertebral attachments of the 
ris so as to elevate them and widen the intervals between them. 
Owing to the ribs being fixed to the sternum in front, they can only 
qaparate laterally when the dorsal curve is lessened, and this tends 
to approximate the sternum and the vertebra, thus narrowing the 
antero-posterior diameter of the thorax. It is in preventing this 
flattening of the chest that the intercostals are particularly useful ; 
by holding the ribs together they push forwards the sternum, when 
the dorsal curve is extended. 


EXPIRATION. 2738 


During quiet breathing expiration requires no muscular effort, the 
expulsion of the air from the chest being accomplished by the elasti- 
city of the parts. 

The most powerful force is the elasticity of the lungs, which are 
on the stretch even after a forced expiration, and when distended 
by inspiration are capable of 
exerting considerable traction on 
the thoracic wall. 

The ordinary shape of the walls 
of the thorax when the muscles 
are not acting, corresponds with 
the position at the end of gentle 
expiration ; therefore the resili- 
ency of the muscles, costal 
cartilages, and other elastic 
tissues which are stretched dur- 
ing inspiration tends to restore 
the ribs to the position of expi- 
ration. 

The weight of the thorax itzelf, 
and the elastic gases in the intes- 
tinal tract, which have been 
compressed by the diaphragm, 
may also hglp in expiration. 

After death, when the elasti- 
city of the expiratory musclps is 
lost, the traction exerted by the 
Inngs on the thorax reduces it 


below the size its own elastic 


equilibrium would tend to as- Fi Rergrrnaitiend Sirus - the Ribs 
sume; when, therefore, air is form of the thorax, i.¢., that assumed 


admitted to the pleural cavity in expization, 

by puncture, the thorax expands 

slightly as the lungs shrink, and the pressure on the pleural surface 
becomes equal to that within the bronchi. 

In forced expiration, or when the air is used during expiratio 
for any purpose such as the production of voice, or any blowing 
movement, a number of muscles are called into action, The only 
muscles that could be called exclusively special muscles of expi- 
ration are the weak triangularis sterni, serratus posticus inferior, and. 
parts of the intercostals ; but in all violent and forcible expiratory 


efforts these are aided by the muscles forming the anterior wall of 
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the abdomen, which, associated with the intercostals and quadratus 
lumborum, are the most powerful agents in drawing down the 
thoracic walls, 


FUNCTION OF THE PLEURA. 


From what has been already said it is obvious that by far the 
greatest amount of movement takes place in the lower part of the 
thorax, while the capacity of the apex changes but little. The 
space formed in the chest during inspiration is practically formed 
between the costal wall and the diaphragm (compare figs, 148, 149). 
If the lungs and the walls of the thorax were fused together, without 
the interposition of serous membranes, the different parts of the lungs 
would have to follow the movements of that part of the thorax to 
which they are attached. Thus the lower parts of the lung would be 
much distended during inspiration, and the apives would receive 
but little addition to their contained air. This condition is often 
found in disease of the pleura, leading to adhesion of the visceral 
and parietal layers. When such cases live fur some time after the 
pleurisy and the adhesions persist, the air cells of the lower maryins 
of the lungs are commonly found to be distended and bloodless (1.c., 
local emphysema from habitual over-distension); while on the other 
hand, the apices become abnormally dense, and the alveoli are 
contracted and airless, ‘ 

The surface of the soft elastic lung tissue is normally quite free, 
being encased in a sefous membrane, fie smooth surface of which 
can slide uninterruptedly and freely over the similar lining of the 
costal wall, That this motion of the lung actually ocears may be 
seen from watching the lung through the exposed parietal pleura, or 
recognised by studying the sounds produced by a roughness of the 
pleura, such as occurs in inflammation, when a “ friction” can be 
detected by the car. 

The lungs move in a definite direction. From the most fixed 
points of the thorax, namely, the apex and vertebral margin, they 
pass towards the more moveable inferior costal and sternal regions. 
In short, the anterior part of the lungs passes downwards and for- 
wards to fill up the gap made by the descent of the diaphragm and 
by the passing of the costal wall upwards and forwards. 

The position of the inferior margin of the lung may be easily re- 
cognised by percussion over the liver, and may thus be shown to be 
moving up and dowa with expiration and inspiration respectively. 
By percussion we also find that the space between the two lungs in 
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front is increased during expiration and diminished during inspira- 
tion, so that the heart is more or less covered by lung, and the 
precordial dulness is altered every time we draw a breath. 

By means of this free movement of the lungs in the serous cavities 
the air exerts equal force on the walls of all the air cells whether 
they are situated in the apex or base of the lung, and the alveoli are 
all equally filled with air. 

If the pleural cavity be brought into contact with the air, either 
by puncture of the thoracic walls or by rupture of the visceral pleura, 
the lung, owing to the great elasticity uf its tissue, shrinks to very 
small dimensions, and the pleural cavity becomes filled with air 
(pneumothorax). 

If air be admitted to both pleural cavities so as to produce double 
pneumothorax, death must ensue, for if the opening remain free the 
motions of the thorax only alter the quantity of air in the pleural 
cavity, and cannot ventilate the lungs. This demonstrates the 
important fact that it is the atmospheric pressure which, having 
access to them only through the trachea, distends the elastic lungs 
and keeps them pressed against the wall of the thorax. 

The power with which the lungs can contract when the atmo- 
spheric pressure is admitted to the pleura has been found after death, 
without inflation, to be six millimétres of mercury, which is probably 
below the pressure exerted during life, when the smooth muscle of the 
bronchi i¢ acting and the tubes are free from mucus, for this rapidly 
collects in the minute air tubes at death, and impedes the outflow 
of air. e ba 

When the lungs are inflated before the pleura is opened, the pres- 
sure can @asily be made to rise to nearly 1} inches (30 num, mercury). 

From this it would appear probable that when the lungs are 
atretched by inspiration they exert a negative pressure equal to 
30 mm., and when the lungs are in a position of expiration they sti! 
tend to contract with a force of 6 mm. mercury. 


PressuRE DIFFERENCES IN THE AIR, 


The immediate effect of the increase in capacity of the chest is 
that a pressure difference is established between the interior of the 
thoracic cavity and the atmosphere. 

The reduction in pressure produced in the lungs and air passages 
by inspiratory movements, or the increase of spressure accompanying 
expiration, is very slight during ordinary quiet breathing with free 

tT 2 
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air passages. But the least impediment to the entrance or to the exit 
of the air at once makes the difference very notable. 

It is very difficult to obtain an accurate experimental estimate 
of the variations in the pressure in different parts of the air 
passages during quiet breathing, because even the most careful 
attempt to measure the pressure causes an increase which is still 
further magnified by the sensitive muscular mechanism of the air 
passages. 

The variations in pressure occurring in .the pulmonary air are 
greatest in the alveoli, and gradually diminish towards the larger air 
tubes, so that they disappear at the nasal orifice, where, if no impedi- 
ment be placed to the course of the air, the pressure will remain 
very neagly equal to that of the atmosphere. By connecting one 
nostril with a manometer and breathing through the nose with the 
mouth shut, it can be shown that inspiration causes a negative pres- 
sure of about 1 mm. mercury, and expiration a positive pressure of 
2 to 3mm. ; these results must be divided by two, since by plugging 
qe nostril they shut off half the normal inlet. Forced inspiration 
ani expiration give respectively —57 and + 87 min. 

This great difference depends on the elastic forces against which 
the inspiratory muscles act in distending the thorax, all of which 


assist in expiration. 


THE VOLUME oF AIR. 


Daring ordinary respiration the volume of the inspiratory and 
expiratory stream of air is surprisingly small when compared with 
the volume of air svjourning in the lungs. . 

After an ordinary expiratory act we can force out a great 
quantity of air by a voluntary effort ; but even after this is got rid 
of the lungs are still well filled. Some of this residual air, which 
never leaves the chest during the life of the animal, is pressed out by 
the elasticity of the lungs when the pleura is opened. But a certain 
amount of air cannot be removed in any way from the alveoli. Even 
when the lung is cut out of the chest and divided into pieces, 
enough air is retained in the air cells, to render it buoyant. This 
fact ia relied on by medical jurists as an evidence that an infant 
has breathed after birth and distended the lungs with air, for except 
breathing has been well established, the tolerably fresh lung of an 
infant will sink in water. 

In order te have a clear idea of the volumes of air at rest and in 
motion during pulmonary ventilation it is convenient to follow the 
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classification from which the nomenclature in common use has been 
borrowed. 

Tidal air is the current of air which passes into and out of the chest 
in quiet natural breathing. It amounts to about 500 cc. (30 cubic 
inches). 

Reserve air is that volume which can be voluntarily emitted after 
the end of a normal tidal expiration, and which, therefore, during 
ordinary respiration remains in the lungs; it is estimated at about 
1500 cc. (or about 100 cubic inches). 

Complemental air is that which can be voluntarily taken in after 
an ordinary inspiration by a forced inspiration ; it also amounts to 
about 1500 cc., but is not used during ordinary breathing. 

Residual air is the air volume which remains in the lunge after a 
forced expiration, that is to say, which no voluntary effort can re- 
move from the lungs; it includes the air which leaves the lungs 
when the pleura is opened after death and the air which persistently 
remains in the lungs after they have collapsed. This amounts to 
about 2000 cc. (or about 120 cubic inches). 

Vital capacity is a term given to the greatest amount of air that 
can be emitted by a forced expiration immediately following a 
forced inspiration, so that it equals the sum of the tidal, reserve, and 
complemental air. The vital capacity is estimated by spirometers of 
different kinds, and gives an approximate measurement of (1.) The 
capacity of the chest. (2.) The power of the respiratory muscles. (3.) 
The resistance offered by the elasticity or rigidity of the walls of 
the thorax. (4.) The working capacity of the lungs, «¢., their exten- 
sibility or freedom from disease. It therefore varies greatly accord- 
ing to the age, sex, position of the body, the occupation, weight, 
height, the fulness of the hollow viscera of the abdomen, and the 
pathological condition of the lungs. It can be much inereased by 
practice, and this fact, apart from the injury forced respirations may 
produce in a morbid state of the lung, renders it inapplicable as a 
gauge of pulmonary disease. 

From the foregoing it appears that the volume of air habitually 
sojourning in the lungs during natural respiration, or stationary ass, 
is about 36500 cc. (225 cubic inches), while the fresh air introduced 
by each inspiration is only a little over 500 cc. (30 cubic inches), 
or in other words, about one-seventh of the air in the lungs is 
changed at each breath. Indeed, the 500 cc. of air is only just 
sufficient to fill the trachea and larger bronchial passages, eo that 
the fresh air does not reach the pulmonary alveoli, or directly replace 
any of the air they contain. The tidal stream is, however, brought 
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into immediete relation with the stationary air, and the thoracic 
movements cause them to mix mechanically, so that rapid diffusion 
takes place in the minute bronchi. Diffusion is also constantly 
occurring between the air of the small tubes and the terminal saca, 
and it alone suffices to maintain the necessary standard of purity in 
the air of the alveoli. If, during breathing, a harmless gas, such as 
hydrogen, be inhaled during one inspiration, it requires 6 to 10 
respirations to get rid of the impurity from the expired air. From 
this it has been inferred that this number of respiratory acts would 
be necessary to render the air in the alveoli quite pure even if no 
fresh impurities were allowed to enter from the blood. 


Resprratory Socnps. 


As the streams of air enter the air passages and lungs they produce 
sounds which are of the greatest importance to the physician, owing 
to the manner in which they are altered by disease. 

A sound called “bronchial breathing” is produced in the large 
bronchi and trachea, and is like the noise of air blowing through a 
tube. This can normally be heard over the trachea, or at the back 
between the shoulder blades over the entrance of the large bronchi 
into the root of the lung. 

Another sound called “vesicular” can be heard all over the 
chest, being most distinct where the lung is most superficial, and 
where other sounds are absent, as in the sub-axillary region It is & 
gentle rustling sound caused by the air passing into the infundibul. 
It varies mach with the force of respiration and many other circum- 
stances, In children up to ten or twelve years of age it is remark- 
ably sharp and loud, and is called “ puerile breathing.” —. 


NERVOUS MECHANISM OF RESPIRATION. 


The movements of respiration go on rhythmically without any 
voluntary effort, and even when we are quite awake they occur 
almost without our being conscious of them, and repeated variations 
take place in the rate, depth, and general type of our respirations with- 
ont our knowledge. Indeed, if this self-regulating arrangement did 
not exist we should have to devote much of our attention to adapting 
our respi movements to the ever-changing requirements of the 


respiratory 
gas-interchange of the blood. 
Ydéke all other groups of skeletal muscles, those which act on the 


thorax are regulated by nerves and work together in harmony. These 
co-ordinated movement? are eo far under the control of the will 
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that any of the groups of muscles may be employed separately, or in 
conjunction. 

But the respiratory differ from the other skeletal muscles, in that 
they undergo rhythmical co-ordinated contractions which are not 
directed by our will, and can be influenced by it only to a certain 
extent, for they cannot be made to cease altogether. 

In short, the rhythmical co-ordinated movements of respiration 
are not only brought about, but are also regulated by an involun- 
tary neryous mechanism. Since we are unconscious of its action, it 
certainly is not dependent on the voluntary centres, Moreover, we 
know that the upper parts of the brain are not needed for regular 
breathing, because animals born with deficient development of 
cranium and brain can breathe quite rhythmically ; and removal of 
the brain of birds &c., causes no interruption of the respiratory move- 
ments. We know, however, that an injury to the upper part of the 
spinal cord causes death by stopping respiration. The regulating 
centre must then be lower than the cerebral centres, and higher than 
the cervical part of the spinal marrow. The direct evidence of the 
seat of this centre was found by Flourens, who showed that a local- 
ised spot exists in the medulla oblongata, injury of which causes 
instant cessation of the respiratory movement. 

This vital point, or neud vital, is situated in the floor of the fourth 
ventricle, near the point of the calamus scriptorius, and is now com- 
monly spoken of as the respiratory centre. 

From this centre the impulses which give rise to and regulate the 
all-important respiratory movements rhythmically pass down the 
spinal cord and nerves. $o long as the fiervous communication 
between the centre and the muscles is intact the movements go on 
with undisturbed regularity ; if it be cut off, or the centre destroyed, 
they instantly stop. 

What keeps this centre active? It has been already stated that 
all the conditions of the body which cause an increased tissue change, 
use up a greater amount of oxygen and give off more carbonic 
acid, therefore are accompanied by more active movements of the 
respiratory muscles. From this it would appear that there exists 
some relation between the activity of the respiratory centre and the 
condition of the blood—a deficiency of oxygen or an excess of car- 
bonic acid gas calling forth increased action. One has only to hold 
one’s breath as long as possible, and note the series of rapid and deep 
respirations that follow such a temporary impediment to the proper 
oxygenation of the blood, in order to see that an involuntary 
respiratory centre is profoundly influenced by a deficiency of oxygen 
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Experimentally it can be’ shown that the effect is produced, in a 
great measure at least, in the medulla itself, by the blood flowing 
through it, and not by the action of the venous blood circulating 
through distant organs, and reflexly affecting the centre. It has also 
been shown that the temperature of the blood circulating through 
the medulla changes the activity of the centre, for, if the blood in 
the carotids be warmed, the respiratory movements become more 
rapid. 

The respiratory centre is, then, a good example of what is called 
an “automatic nerve centre,” not depending upon nerve impulses 
from afar for ite energy, nor merely reflecting the influences of other 
centres, but acquiring its energy from the thermal and chemical 
condition of the blood which flows through it, and thus its activity is 
intimately related to its nutrition and supply of oxygen. 

So long as the amount of oxyyen flowing through the centre keeps 
up to a certain standard, the normal excitability of the centre con- 
tinues, and we have natural quiet breathing, called Eupnea. When 
the oxygen falls below the normal standard, the respiratory centre 
becomes more eee and laboured breathing is produced, com- 
monly called D 

If the theory that a , deficiency of oxygen is the normal stimulus 
to action of the respiratory centre be correct, a superabundant quan- 
tity should diminish the activity of the centre, and a condition the 
opposite of dyspnoea would be produced. This is difficult to show 
in natural breathing, though every one knows the efficiency of the 
few deep breaths one dakes before a djve into water; but with 
artificial breathing, if the movements be carried on very energeti- 
cally for some time, and then be stopped, the animal will not at 
first attempt to breathe, but after a short time, somewhat less than a 
minute, gentle and slow respiratory movements commence. This 
cessation of breathing, called apnea, depends upon the blood being 
so charged with oxygen that it no longer acts as a stimulus to the 
centre. 

We find that dyspnoa is produced by a deficiency in the amount 
of oxygen rather than by an excess of carbonic acid gas. This is 
proved by the fact that it occurs when the carbonic acid gas is 
removed from the blood by breathing freely air which is only defi- 
cient in oxygen, and, secondly, because an exceas of carbonic acid gas 
in the air canses a drowsy condition and not an active dyspnea. 

Although the respiratory centre is in the strictest sense automatic, 
yet it is profoundly affected by many influences coming from other 

parts, which reflexly modify the respiratory movements. Thus 
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mental emotions variously influence both the rate and the depth of 
breathing, sometimes causing more rapid and sometimes slower 
respiratory action, The application of stimulus to almost any part 
of the air-passages comspletely changes the respiratory rhythm. The 
ordinary sensory nerves pasting fromy the ekin are glso capable of 
exciting respiratory movements, This is well seen from the gasping 
that follows the sudden application of cold to the body. It is along 
these sensory nerves that one tries to transmit impulees by applying 
mechanical, thermal, or other stimulus to the skin of a new-born 
infant, whose respitatory centre having been kept long in the condi- 
tion of apnoca, is slow te respond to an exciting influence caused. by 
a deficiency of oxygen. 

Experiment shows that most, if not all, afferent nerves can affect 
the respiratory centre, either by increasing or reducing its activity ; 
but there is one special nerve, namely, the pneumogastric or vagus 
and its branches, which have both these capabilities developed to a 
much greater degree than any other. 

If the two vagi be cut, a marked change takes place in the respi- 
ratory rhythm, though section of one vagus has little or no effect on 
respiration, The rate of the inspiration is reduced ta less than half, 
while each breath becomes extremely deep and prolonged, the respira- 
tory function of the lungs goes on for some time unimpaired, and 
the hemoglobin of the blood receives the due amount of oxygen. 
Although the character of the breathing is completely changed from 
the rapid gentle thotion of natural respiration to a series of slow deep 
gasps, the air volame per ypinute and the qhemical changes remain 
the same. If the central end of the cut vagus be now stimulated 
gently, thg rate of the respiratory movements may again be quickened 
to the normal, If the stimulus be very strong, respiratory spasm 
can be produced. On the other hand, if the central end of the 
superior laryngeal branch of the vagus be stimulated, breathing 
becomes slow, and can be made to cease while the thorax is in the 
position of ordinary expiration, a spasm of the laryngeal and 
expiratory muscles is caused. 

So that in the pneumogastric nerve, fibres exist which convey 
impulses of two kinds to the respiratory centre, the one increasing 
its excitability and causing more rapid discharges of inspiratory 
impulses, the other decreasing its irritability and causing a slowing 
of the respiratory movements. The marked change which has just 
been described as occurring when the two pneumogastrics are cut 
proves that these afferent influences are constantly at work modifying 
the respiratory rhythm. We may assume that the slow, deep respi- 
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rations which follow section of the vagi are caused by the un-regulated 
automatic action of the centre. No impulse is discharged until the 





Fig. 154.—Diagram of the Nervous Mechanisms of Respiration. (After Fick.) 


ec. Centre for inspiratory movements, from which pass efferent channels, represented 
by the ao line (0) to the inspiratory muscles represented by the 
diaphragm (p). 

ze. Centre for expiratory movements, from which efferent channels (p) pass down the 
cont to the muscles of expiration, represented by the abdominal muacies (a). 


To both these centres afferent impulses come (1) from the cerebral centres (a, 3, ¢, ¢) 
gas aed tc These voluntary impulses may be called afferent as 

the respiratory centres are concerned. sheep egal vcaemrg te retort 

sad (the none impeie (9) av, whch modty the etion of the inspira- 
tory centze, From the (4) larynx ee ae 
tery, andl exciting impulses (i) to the expiratory centre. And, finally, (5) from 

the lungs come both exciting and inhibiting impulses (k, i, =, ») to both the 

and inspiratory centres, and by these channels the rhythm of ordinary 
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venoaity of the blood in the centre arrives at a certain point, and then 
the accumulated energy is sent to the respiratory muscles, and a 

eep gasping inspiration occurs, and thus each respiratory act is called 
forth by the blood becoming so venous as to act as a powerful 
stimulus. 

So long, however, as the centre enjoys the regulating influence of 
the vagi this venous condition is not allowed to occur, and the 
intense excitation of the centre is thereby prevented, and the necessary 
movements performed with a minimum of muscle energy. 

The exact mode of stimulation of the pulmonary terminals of the 
afferent fibres of the pneumogastric is not certain. It has been 
suggested that distention or retraction of the lungs may act as a 
mechanical stimulus to fibres inhibiting and exciting respectively 
the inspiratory centre. Each expansion of the lungs calls forth the 
ensuing relaxation, and the relaxed state, in its turn, induces a new 
inspiration, and thus the lungs themselves are able to guide the 
thoracic movements by means of the pneumogastrics, 


MODIFIED MOVEMENTS OF THE Resprrarory MUSCLES. 


Besides the ordinary respiratory motions and the voluntary modi- 
fications made use of in speaking and singing, &c., the muscles of 
respiration perform a series of movements of an involuntary reflex 
nature indicative of certain emotions and mental states. 

They will be seen to resemble each other in the: mechanism of their 
production, though differing essentially in expression. The following 
are the more important :— 

Coughing is caused by a stimulus applied to certain parts of the 
air-passages, but more particularly to the larynx; the stimulus 
passing along the superior laryngeal bianch of the pneumogastric. 
It consists in a deep inspiration, closure of the glottis, and then a 
more or less violent expiratory effort, accompanied by two, three, or 
more sudden openings and closures of the glottis, so that rapidly 
repeated blasts of air pass through the upper air-passages and mouth, 
which is generally held open. 

Sneezing is caused by a stimulus applied to the nose or eyes, the 
impulses being carried to the respiratory centre by the nasal and 
other branches of the 5th nerve. It conaists of a deep inspiration 
and closure of the glottis, followed by a single explosive expiration 
and sudden opening of the glottis and posterior nares. 

Sneezing is a purely reflex act, it being impossible to produce it 
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voluntarily, exeept by the stimulation of the nasal mucous membrane 
with some irritating substance. 

Laughing consists in a full inspiration, followed by a long series of 
very short rapid expiratory efforts, The facial muscles are at the 
same time thrown into a characteristic set of movements. 

Crying is made up of a series of short sudden expirations, accom- 
panied with peculiar facial contortions, and commonly following or 
associated with the following :— 

Sobbing, which consists of a rapid series of convulsive inspiratory 
efforts, causing but little air to enter the chest, and followed by one 


long expiration. 
Sighing is a long slow inspiration, quickly followed by a cor- 
responding expiration. 


Yawning is a very long deep inspiration, completely filling the 
chest. It is accompanied by a peculiar depression of the lower jaw, 
wide open mouth, facial movements, and commonly stretching of the 
limbs. 

Hiccough is a sudden inspiratory spasm chiefly of the diaphragm, 
the entrance of the air being suddenly checked by the sudden 
closure of the glottis. 


CHAPTER XIX. 


THE CHEMISTRY OF RESPIRATION, 


THE simplest way to investigate the study of the gas interchange 
that takes place in the lungs between the air and the blood is to 
compare the composition of the expired air with that of the atmo- 
sphere, and from the alteration found to have taken place in the 
tidal stream we can arrive at the changes which the air undergoes 
during its journey in and out of the air passages, and we can then 
examine the venous and arterial blood in order to ascertain the 
change the blood wnderyoes in becoming arterial. 

The atmosphere is made up of a mixture of nitrogen and oxygen, 
with a variable amount of mvisture and a minute proportion of 
carbonic acid. 

The following table gives the volume* of the gases in dried air :— 


Oxygen . . . 20:96 per cent., or about 21 per cent. 
Nitroven : - 19°02 5 gy. “DS cay 
Carbonic dioxide 0°02—-0°06 5 . » 4 parts in 10,000. 


The amount of moisture contained in the air is verv variable, and 
depends i a great measure upon the temperature and the direction 
of the wind. The dampness of the air depends upon the tempera- 
ture, so that air containing the same absolute amount of moisture 
may be relatively dry or damp, according as the temperature rises or 
falls. As a general rule the air is relatively dry, that is to say, it 
does not contain so much moisture as it is capable of taking up in 
the form of aqueous vapour at its ordinary temperature. At certain 
times of the day the air may be saturated owing to a sudden fall of 
temperature. 

The temperature of the air which we breathe of course varies 
considerably, according to the season of the year, &c., but almost 
always in this country it is lower than that of our bodies. 

* On account of the difference in the atomic weights, the atmosphere being only 


mechanical mizture of the gases, the proportion by sight is slightly different, bei 
abont--Oxygen 23 per cent., Nitrogen 77 per cent. 
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Exprrep Ar. 


The following are the notable characters in the tidal air on its 
leaving the air passages :— 

1, It is rich in CO,, containing on an average 4:38 per cent. in 
quiet breathing. 

2. It is poor in O, containing about 4°5 per cent. less than the 
atmosphere. 

3. A slight increase in the N. has been observed, possibly the 
outcome of nitrogenous metabolism. 

4. The temperature of the air is approximated to that of the body, 
and it therefore commonly exceeds the temperature of the air inspired. 
The air on leaving the air passages is about 36°5° C. This is not 
much infinenced by the temperature of the atmosphere, as may be 
seen from Valentine’s Table :— 


Temperatures of Atmosphere and of Expired Arr, 
—6°3° C, = + 29°8° C, 
+17°0° C. == +36°2° C. 
+44-0° C. = -+-38°5° C, 


It can be seen from the last statcinent that very hot air (+44°C,) 
if breathed is cooled in its transit through the air passages. 

5. In quiet breathing the expired air is saturated with moisture ; 
in rapid breathing this is not the case. It must be remembered that 
the air when warm is capable of holdinga greater quantity of vapour 
than when it was inspired. The difference can be best appreciated in 
cold weather, when the vapour of the warm expired air is condensed 
on meeting the cold atmosphere. Great quantities of water and heat 
are given off in producing this saturation. 

6. If the tidal air be dried and covled and measured at a certain 
pressure before and after respiration, it is found that the expired air 
has lost about 3, of its volume. But owing to the expansion from 
the increased temperature and the presence of the vapour, the volume 
of air expired is greater than that inspired. 

If the oxygen were all used to make CO,, these volumes ought to 
be the same, for the volume of CO, is equal to that of the O it 
contains, if set free. The volume CO, given off is, however, only 
about 4°38, to 4°5 volumes of O taken in, so that part of the O must 
be used in some other way than in the manufacture of CO,. 

7. The expired sir “Jp gleo said to contain traces of the "following 


impurities (1) ammotiis, (2) hydrogen, (3) carburetted hydrogen 
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(CH,), (4) organic matter. These, and probably other impurities, 
give the breath its peculiar odour and noxious pboperties, for an 
atmosphere rendered “stuffy’’ by expired air is much more injurious 
to health than an atmosphere in which a similar deficiency of O, or 
exceas of CO, had Leen artificially produced by chemical means ; 
this fact ought to be remembered when calculating the ventilation 
required for hygienic purposes. The following Table may assist in 
comparing the atmosphere with the expired air :— 















| Atinosphere. Expired Air. Difference. 
UO ge scvsandsecviabesns 04 per cent. | 4°38 per cent. +4°34 
OD. ee cided Sareeen eee 20°81 ” 16°03 ry) —4°78 
Wein ce ccteeereee 79°15, 79°55, + 40 
Temperature ......| —-6° C.— + 48° C. 29°8° C.—38°5° C. 
Moisture ., .........| about 10 grms. to 1 | about 40 grms. to 1 cubic 
Volume cubic metre. 


metre. 
| Ate increased, ab- 

| ae solutely reduced th. 
{ a, H, CH,, and poison- 
| a ous organic inatter. 





About jth of the O which is used does not take part in the pro- 
duction of the CO,, but this proportion may vary greatly. Thus the 
estimation of the CO, can give no sure guide to the amount of O 
taken up; and each gas has to be estimated separately if an accurate 
measurement be required. 

The avgrage umount per diem may be said to be :— 


Carbon dioxide. - « given off about 800 grammes, 
Oxygen , : © =. consumed bout 700 
Water. tit , . given off about 500 


93 
33 


e . ° 
The amounts of O taken up and of CO, given off, differ in 
different individuals and in the same individuals under varying 
circumstunces, among which the following may be enumerated :— 


1. Increase in the rapidity or the depth of respiratory movements, 
accompunied by an increase in the tidal stream, produces an increase 
of the total amount of CO, given off, while the percentage in the 
volume of expired air is diminished. 

2. It varies with age. The amount increases with age up to 30 
years, and then remains constant. 

3. Sex ; is less in women than in men, but it increases in preg- 
nancy. 

4. With muscular activity it is notably increased. 

6. Change of temperature of the air has a jnarked influence on the 
CO, output of cold-blooded animals, in which it increases in direct 
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proportion to the elevation of temperature. The effect on warm- 
blooded ones is the opposite so long as they can regulate their tem- 
perature. The sustentation of the body temperature in cold weather 
is accomjxmied by a distinct increase in the output of carbon dioxide. 
6. The time of day ; a maximum is arrived at about midday and a 
minimum about midnight. 
7. An increase in the amount of carbon dioxide in the atmosphere 


diminishes the amount given off from the lungs. 


CHANGES THE BLOOD UNDERGUEs IN THE LiuNas. 


In order to understand how the oxygen and the carbonic acid pass 
to and from the blued in the pulmonary capillaries we must know 
the relationship of these vases to the blood in the arterial and venous 
sides of the circulation. 

In the chapter on the blood (pp. 193, 194) it is stated that both the 
oxygen and the carbon dioxide can be removed from the blood by the 
mercurial air-pump, and that the yreater part of these gases are 
chemically united with some of the constituents of the Jlood, and 
that a different quantity of each gas is found in arterial and venous 
blood. Now that we know that the change from the venous to the 
arterial condition takes ph. ice during the passaze of the blood through 
the pulmonary capillaries where it is exposed to the air, we may 
assume that the acytusition of oxygen and the loss of COs form the 
essential difference between venous and arterial blood. 

From either kind of }lood about 60 velumes per cent. of gas may 
be extracted with the mercurial gaus-pump. The composition of this 
varies considerably in venous, but not verv much in artezial blood. 
An averave is given in the following Table :— 


O percent. vals. CO, percent. vols N percent, vols. 
Arterial ; 20) 39 l- 2 
Venous : . &—10 (about) 46 |—2 


The more rapidly the gases are removed the greater is the pro- 
portion of O that can be obtained 5 as delay allows seme of it to 
combine with easily oxidised substances in the blood itself, The 
amount of oxygen varies in different parts of the venous system. Tu 
the blood of an animal which has died of slow asphyxia only traces 
of oxygen can be found. 

The proofs that O is, for the most part, in chemical combination 
with the hamoglobin af the red blood corpuscles, and not merely 


OXYHAZMOGLOBIN, 289 


absorbed, as one might be led to suppose from its coming away when 
the pressure is removed, are numerous and satisfactory. 

First,—When arterial blood is submitted to gradual diminution 
of pressure in the mercurial air-pump the oxygen does not come 
away in accordance with the established law of the absorption of 
gases (Henry—Dalton) by coming off in proportion to the diminu- 
tion of the pressure, as at first only traces appear (probably the 
small amount really dissolved), and when the pressure has been re- 
duced to a certain point the oxygen comes off suddenly ; after which 
little more can be obtained by further reduction of pressure. Hemo- 
globin combines with O in the same way, very rapidly at first when 
the pressure is low, and then with a much higher pressure a smaller 
quantity is taken up. 

Secondly,—If the oxygen were only in a state of absorption, the 
blood while passing through the pulmonary capillaries, could only 
tike up about 0-4 volume per cent., which would be inadequate for 
lif. We know that the quantity of O going to the blood from the 
air in the alveoli cannot well be explained on physical grounds 
alone ; and, moreover, When an animal] is allowed to die of as- 
phyxia in a limited space, all the O of the air in the space is 
absorbed, Since the partial pressure of the O in thi» case must 
fall to zero, it cannot be the pressure which makes the O pass into 
the blood, 

Another conclusive proof that the union of the O with the haemo- 
globin is really a chemical one, is given by the spectroscopic examina- 
of a hemoglobin solution, When deprived of its O, and after the ad- 
mixture of the air, quite dissimilar spectra are seen, as already pointed 
out in Chapter ATV. (Fig. 107°. 

The amount of O taken up by the blood is not always in propor- 
tion to the pressure of that gas, but rather to the amount of hemo- 
globin in the blood; and we therefore find the adequacy of the 
respiratory function of the blood going hand in hand with its richness 
in hemoglobin, and thus the © shortness of breath” of angemic and 
chlorotic individuals is explained. 

Our knowledge concerning the relation of the CO, to the consti- 
tuents of the blood is less definite and clear. 

It does not altogether exist as a mere physical solution, for it comes 
off irregularly under the air-pump, and does not obey exactly the 
Henry-Dalton law of the absorption of gases, Part comes off easily 
and part with difficulty. It is not associated with the corpuscles, 
for more of this gas can be obtained frum serum than from a like 
quantity of blood. It is more easily removed from the blood than 
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Tig. 155.—The Spectra of Oxyhaemoglobm, reduced hzeroogichin, and CO-hsemoglobi : 
(Gampgee.) 
1. 2. 3. and 4. Oxvbheemorlobin increasing in strengt) or thickness of solution. 
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from the serum, a certain proportion (about 7 per cent. of the whole) 
reinaining, in the serum in vacuo, until dissociated by the addi- 
tiol of an acid or a picce of clot containing corpuscles. If bicar- 
bonate of suda be added to blood from which all the gas has been 
removed, still more CO, can be pumped out, from which it would 
appear that something exists in the blood capable of dissociating CO, 
from sodium bicarbonate. 

It has been suggested that the CO, is in some way associated 
{possibly as sodium bicarbonate) with the plasma of the blood, and 
that the corpuscles have the power of acting like a weak acid, and 
of dissociating it from the soda, and thus raising its tension in the 
blood. 

The great importance of the chemical nature of the union 
between the O and hwmoglobin for external respiration becomes 
most striking when the netual Inanner in Which the entrance of the 
O is effected is taken into account. 

It must be remembered that the further we trace the air down 
the passages, the less will be the percentage of O found in it, 
and therefore a less pressure exerted by that gas. This is shown by 
the fact that the air given out by the latter half of a single expira- 
tion has less O and more CO, than that of the first half. The most 
impure air lies in the alveoli of the lung, for, since the tidal air 
scarcely fills the tubes, the air in the alveoli is only changed by mix- 
ture and diffusion with the impure air of the small bronchi. Any 
impediment to the ordinary ventilation of the alveoli so reduces 
the percentage, and therefore the tension of the O, that it would 
probably sink below that in “the blood, and in that case, Were it 
not a chemical union, the O would escape from the bloud in proportion 
as its tension in the bh od exceeded that of the air of the alveoli. We 
know it does not do this, even in the intense dvspnaca of suffocation. 

Tn the same wav the difference of tension of the CO, in the alveolar 
air and in the blood, hardly explains the steady manner in which 
the CU, escapes, and it has therefure been sugyested that this escape 
js also in some way a chemical process, possibly connected with the 
union of the O and hemoglobin ; because the admission of O to the 
Dlood seems to facilitate the exit of the CQ,. 

The following table gives the approximate tension of the two gases 
in the different steps of the interchange, and shows that the tensions 
are such as to enable physical absorption to take some share in the 
entrance of the O as well as in the escape of the CO, A separate 
column gives the volumes per cent. of each gas, corresponding to these 
tensions. This process must occur before the oxygen and the hamo- 
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globin meet, since the latter is bathed in the plasma, and further 
separated from the O by the vessel wall and epithelium. 
































| ca, O 
| . Correspond- ore 
ia sacra i Tension [ing Volume Tension | ing volume 
intmm. Hg.{| percent. | in mm. Hg.{ per cent. 
In arterial blood...... 21° ' 2°8 | 29°6 $°9 
In venous blood... 41° | 5°4 22° 2°9 
In air of alveoli .. .. te "3°36 27°44 3°68 
0'O4 | 158° 1  20°8 


In atmosphere....... . u°38 


- - ~- See ere eee ery 
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INTERNAL RESPIRATION. 

The arterial blood while flowing through the capillaries of the 
systemic circulation and supplying the tissues with nutriment, under- 
goes changes which are called internal or tissue respiration, and which 
may be shortly defined to be the converse of pulmonary or external 
respiration. In the external respiration the blood is changed from 
venous to arterial ; whereas iu internal respiration the blood is again 
rendered venous. 

There can now be no doubt that these chemical changes take place 
in the tissues themselves, and not in the bleed as it flows through 
the vessels. The amount of oxidation that takes place in the blood 
itself is indeed verysmall. The tissues, however, along with the sub- 
stances for their nutrition, extract a certain part of the O from the 
blood. In the chemical changes which take place in the tissues, they 
use up the oxygen, which rapidly disappears, the tension of that 
gas becoming almost nil; at the same time other chemical changes 
are indicated by the appearance of CO,. The disappearapce of the O 
and the manufacture of CO, need not exactly correspond in amount, 
and they doubtless often vary in different parts and under different 
circumstances, Of the intermediate steps in the tissue chemistry we 
are ignorant. We do not know the way in which the oxygen is in- 
duced by the tissues to leave the hemoglobin ; we can only say that 
the tissues have a greater attinity for O than the hamoylobin has, 
and they at once convert the O into more stable compounds than 
oxyhemoglobin, aud ultimately manufacture CO,, which exists in the 
tissues and fluids of the body at a higher tension than even in the 
venous blood. 


RESPIRATION OF ABNORMAL AR, &c. 


The oxygen incomeand carbonic acid outputarethe essential changes 
brought abont by respiration, therefore the presence of oxygen in 4 
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certain proportion is absolutely necessary for life. The 21 per 
cent. of O of the atmosphere suffices to saturate the hsmoglobin 
of the blood, and 14 per cent. of O has been found to be capable 
of sustaining life without producing any marked change in respi- 
ration. 

Dyspnoa is produced by an atmosphere cuntaining only 7°5 per 
cent. of O. This dyspnoea rapidly increases as the percentage of O 
is further decreased, and when it gets as low as 3 per cent. suffoca- 
tion speedily ensues, 

The output of CO, can be accomplished if the lungs be ventilated 
by any harmless or indifferent gas, and since the manufacture of the 
CO, does not take place in the lungs, its elimination can go on inde- 
pendently of the presence of O in them. The 79 per cent. of N con- 
tained in the atmosphere hus a passive duty to perform in diluting 
the O and facilitating the escape of the CO, from the lungs. 

Indifferent gases are those which produce no unpleasant effect of 
themselves, ut which, in the absence of O, are incapable of sustain- 
ing life, such as nitrogen, hydrogen, and CH,. 

Irresptrable yases are such as, owing to the irritating effect on the 
air passages, cannot be respired in quantity, as they cause instant 
closure of the glottis. In small quantities they irritate and produce 
cough, and if persisted in, inflammation of the air passages ; among 
these are chlorine, ammonia, ozoue, nitrous, sulphurous, hydrochloric, 
and hydroflupric acids. 

Poisonous gases are those which can be Dreathed without much 
inconvenience, but when broyght into union with the blvod cause 
death, Of these there are many varicties, (1.) Those which per- 
manently u-yrp the place of oxygen with the haemoglobin, via. :— 
carbon monoxide (CO), hydrocyanic acid (HCN). (2.) Narcotic: 
(a) carbonic dioxide (CO,), of which 10 per cent. is rapidly fatal, 1-0 
per cent. poisonous, and over Ol per cent. injurious. (8) nitrogen 
monoxide (N,O). Both of these gases lead to a peculiar asphyxia 
without convulsions. (y) chloruform, ether, &c. 

(3.) Sulphuretted hydrogen (H,S), which reduces the oxyhamo- 
globin, and produces sulphur and water. 

(4.) Phosphuretted hydrogen (PH,), arseniuretted hydrogen (As H,), 
and cyanogen gas (C,N,) also have specially poisonous effects, 


VENTILATION, 


In the open air the effects of respiration on the atmosphere cannot 
be appreciated, but in enclosed spaces, such as houses, rooms, &c., 
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which are occupied by many persons, the air soon becomes appre- 
ciably changed by their breathing. 

The most important changes are (1) removal of oxygen, (2) increase 
in carbonic acid, and (3) the appearance of some poisonous materials 
which, though highly injurious, cannot be determined. The defi- 
ciency in oxygen never causes any inconvenience, as it is never 
reduced below what is sufficient for the saturation of the hemoglobin. 
The excess of CO, scldom vives any inconvenience, since the air be- 
comes disngreeably fusty or stuffy from breathing long before the 
amount of CO, has reached 0°1 per cent., which amount of pure 
CO, can be inspired without any unpleasantness. It is, then, the ex- 
halations coming from the lungs, and probably skin, some of which 
must have a poisonous character, that render the proper supply of 
fresh air linperative. 

The difficulty of determining the presence of the poisonous organic 
material», makes it convenint to use the amount of CO, present in 
the air as the means of measuring its veneral purity. We suppose, 
then, that the relation between the poisonous organic ingredients and 
the CO, is constant. 

Air, which i» rendered impure by breathing, becomes disagreeable 
to the senzxe of smell when the CO, has reached the low standard of 
06 or ‘08 per cent. That i, to say, scarcely twice as much CO, as 
ig contained in the pure atmozphere. Supposing that air is un- 
wholesome when its impurities are appreciable by theesenses, then, 
if the animal body he the source of the CO,, °06 per cent. of this gas 
makes the air unfit fer use. 

An adult man disengages more ee half a cubic foot of CO, in 
one hour (‘6 Parkes), and consequently in that time hegenders nite 
unfit for use more than 1000 enbic feet of air, by raising the per 
centage of CO, to °) (04 being mitial, and ‘U6 1e-piratory). 

It is obviou» that the smaller the space and the more confined, 
the more rapidly will the air become vitiated by respiration. It 
becomes necessary for health, therefore, to have not only a certain 
cubic space and a certain change of air for each individuals 
but the cubic space and the change of air should hear to each other 
a certain proportion in order that the air may remain sufficiently 
pure. 

The space allowed in public institutions varies from 500 to 1500 
cubic feet per head in such apartments as are occupied by the indi- 
viduals day and night. As a fair average 1000 cubic fret may be fixed 
as the necessary space in a perfect hyyienic arrangement. In order 
to keep this perfectly wholesome and free from a stuffy smell, and 
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the CO, below ‘06 per cent., it is necessary to supply some 2000 cubic 
feet of air per head per hour. 

To yive the necessary supply of fresh air without introducing 
draughts or greatly reducing the temperature of the room is no easy 
matter, and furms the special study of the hygienic engineer. 


ASPHYNMIA. 


If the proper supply of oxygen be by any means withheld from the 
blood so that its percentage is reduced to a certain point, the death 
of the animal follows in 3 to 5 minutes, accompanied by a series of 
phenomena, commonly included under the term asphyxia, which 
may be dividel into four stages. 1. Dyspnma. 2. Convulsion. 3. 
Exhaustion. 4. Inspiratory spasm. 

If the air passages be closed completely the respirations become 
deep, laboured, and rapid. The respiratory efforts are more and more 
energetic, and the various supplementary muscles are called into play 
one after the other, until gradually the second stage is reached in 
about one minute. 

As the strugele for air becomes more severe, the inspiratory 
muscles lose their power, and the expiratory efforts become more and 
more marked, until finally the entire body is thrown into a general 
convulsion in which the traces of a rhythm are hardly apparent. 
This stage of convulsion is short, the eapiatory muscles becoming 
suddenly relaxed from exhaustion, 

Then the lonvest stage arrives in which the animal les almost 
motionless, making some Quiet inspiratory ‘attempts. These become 
gradually deeper and slower, until they are nothing more than 
deep gasps separated by Jong inrezular intervals. 

The pupils of the eves become widely dilated, the pulse can hardly 
be felt, and the animal lies apparently dead, when often after a sur- 
prisingly long interval one more respiratory gasp follows, and with 
i gentle tremor the animal stretches itself in a kind of tonic inspi- 
ratory spasm, after which it is ne longer capable of resuscitation. 
This last pulseless stage to which the term asphyxia is more properly 
confined is the most irregular in duration, but always the longest. 

- The blood of an animal which has died of asphyxia is nearly desti- 
tute of oxygen, the hamoylobin being in a much more reduced 
condition than is found in venous blood. The first and most 
obvious effect produced by the circulation of blood so deficient 
in oxygen is excessive stimulation of the respiratory centre, which 
causes the extreme and varied actions just described. At the same 
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time the venous blood passing through the systemic capillaries 
affects most profoundly the vaso-motor nerve mechanism, so as to 
cause a rapid and considerable rise in blood pressure in the first 
stage of asphyxia. The general constriction of the small arteries may 
be brought about by the venous blood acting directly as a stimulus 
to the medullary and spinal vaso-motor centres, to the local centres, 
or a8 direct stimulation of the muscle cells of the arterioles them- 
selves. ‘The centres in the medulla which govern the inhibitory 
fibres of the pneumogastric are also stimulated, and consequently the 
heart beats more slowly. The increase in arterial tension and the 
slow beat give rise to distension of the ventricle, which, when a 
certain point is reached, impedes the working of the heart, and its 
muscle begins to beat more and more feebly, so that in the third stage 
the impulse can hardly be felt. The muscular arterioles then become 
exhausted and relax, the blood pressure falls rapidly, and with the 
death of the animal reaches zero. Both sides of the heart and great 
veins are engorged with blood in the last stave uf asphyxia ; the cardiac 
muscle being exhausted from want of oxygen, is unable to pump the 
blood out of the veins, or empty its cavities. 

Owing to the force of the rigor mortis of ‘the left ventricle, and 
the greater capacity of the systemic veins, the left side is found com- 
paratively empty some time after death, and at post mortem exami- 
nation the right side alone is found overfilled. 


CHAPTER XX. 


BLOOD ELABORATING GLANDS. 


iw the preceding chapters we have seen that the blood undergoes 
important changes as it courses through the different parte of 
its circuit. Where it comes in contact with the tissues it yields to 
them nutrient material for assimilation, and oxygen for their 
metabolism, and carries away from them some waste productsa, In 
the lungs it receives oxygen and gives off carbonic acid, While it 
flows through the minute vessels of the alimentary traet some of the 
materials elaborated by the digestion of food are absorbed, and 
directly added to the blvod ; at the confluence of the great veins in 
the neck the stream composed of lymph and chyle is poured into 
the blood before it enters the heart, so as to be thoroughly mingled 
with it on its return from the general circulation. Moreover, in 
various glands, different substances are used in the manufacture of 
their secretions. 

Thus it is obvious that there isa kind of, material circulation, a 
constant income and output’ going on in the biood itself as it passes 
through the different parts of the body. The investigation of the 
exact changes which take place in the blood in each organ or part is 
surrounded with difficulty, and in many cases it is quite impossible 
to ascertain what changes occur. In some parts it may be made out 
by noting the zgsults produced, or the substances given off or taken 
up by the blood, as seen in the changes found in the air after 
ity exposure to the blood in the lungs, where we can definitely 
state that the blood has lost or gained certain materials, and is so far 
altered. In other parts, such as the muscles or the ductless glands, 
where no doubt profound changes in the blood occur, we have no 
separate outcome which we can analyse, aud we must therefore trust 
altogether for the elucidation of the change going on in them to the 
differences which may be found to exist in the blood flowing to, and 
that flowing from, such an organ. For this purpose one can either 
examine samples of the blood from the artery and vein of the organ, 
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while the ordinary circulation is going on, or, immediately after the 
removal. of the ergan, by causing an artificial stream of blood to 
flow through it; then the 
changes brought about in the 
blood by its passage through 
theorgan will give the required 
information, It can be seen 
from the foregoing enumera- 
tion of processes, that some 
organs have a double function 
as regards the blood. Thus, 
in the lung there is both reno- 
vation by taking in oxygen, 
and purification by getting rid 
of carbon dioxide. The tex- 
tures in their internal respira- 
tion take the nutriment and 
oxygen, and give to the blood 
CO, and various other waste 
products of tissue change. 


Ducriess GLANDS. 


In the preceding chapters 
the chief sources of income to 
the blood, viz., the alimentary 
tfact and the lungs, have 
been considered; and the 
changes the blood’ undergoes 
in its passage through the 
tissues in the systemic capil- 
laries have been alluded to. 
The elimination of one of the 
most important outcomes of 





Fig. 156.—Vertical section of the Supra-renal 
Ca: 
1. Cortex. 


2, 
2. Medulla. 
a, Fibrous capsule. 
&. External cell masses. 
d. Internal cell masses. 
¢, Medullary substance, in which lies a 
large yein, partly seen in section /, 


tissue change, namely, CO,, 
has been described. 

It has, further, been shown 
that a great part of the ab- 
sorbed nutrient material passes 


through « special set of vessels called the lacteals or lymphatics, and 
in so doing has to traverse peculiar organs called lymphatic 
glands, where it is no doubt modified, and has added to it a number 
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of cells Qymph corptecles) which subsequently are poured inte the 
erg with the lymph and become important constituents of 
ood. 

Thete is a certain set of organs, which have bat slight traits of resem- 
blance to one another, and in consequence of the want of mare accurate 
knowledge as to their exact function, are commonly grouped together 
as ductless or blood glands. Some of these are doubtless nearly akin 
to the lymphatic glands, their duty being the further elaboration and 
perfection of the blood. In this group are commonly placed the 
supra-renal capsules, the thyroid, the thymus, and the spleen, 


SUPRA-RENAL CAPSULE. 


With regard to the function of the supra-renal capsule we may say 
that nothing definite is known. The cortical part is said to resemble 
the lymph follicles in structure, while the central part, on account of its 
numerous peculiar large cells, and great richness in nerves, has been 
explained as belonging to the nervous system. 
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Fig. 157.—Section of the Thyroid Gland of a Child, showing two complete sacs and 
portions of others. The homogencous colloid substance i is represented as occupy- 
ing the central part of the cavity of the vesicles, which are lined by even cubical 
epithelium. (Schiifer.), 


Tayrorw Bory. 


The thyroid is made up of groupe of minute closed sacs embedded 
in a stroma of connective tissue, lined with a single row of epitheliam 
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cella, an filled with a clear fluid containing mucin. In the adult 
the saca ate commonly much distended with a colloid substance and 
peculiar crystals, and the epithelium has disappeared from their walls. 
Although said to be rich in lymphatics and to 
contain follicular tissue, positive proof of the 
relation of the thyroid body to the lymphatic 
system is still wanting. 


THyMcs GLAND. 


The functional activity of the thymus is re- 
stricted to that period of life when growth takes 
place most rapidly. It is well developed in the 
footus, and increases in size for a couple of years 
after birth ; but it gradually diminixhes in bulk 





Fig. 159 —Magnified section of a portion of 
injected Thymus, showing one complete 
lobule with soft central part (cavity) 
(2), and parts of other lobules (Cad:at.) 


(a) Lymphosd tissue. (c) Blood vessels. 
(d; Fibrous tissue. 





mad loses its original structure durin; the later periods of childhood, 
60 as to become completely degenerated and fatty in the adult. It is 
wom posed of numerous little follicles of lymphoid tissue collected into 

ps ot lobules connected to a kind of central stalk. The lymphoid 
Giites of the young thymus have some likeness to those of the 
Pitestinal tract, but they differ from these agminate glands not only in 
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~ 
arrangement but also in having small peculiar nests of large cells 
(corpuscles of Hassall) in the midst of the adenoid tiseue of which 
they are made up. On account of the 
structure of the lobules being so nearly 
identical with that of a lymphatic gland, 
and from its great richness in lymphatic 
vessels, the thymus is said to be related 
to the lymphatic system, and is supposed 
to play an important part in the elabora- 
tion of the blood during the earlier stages 
of animal life. 


SrLEEN. 





The spleen also resembles a lymphatic 
organ in structure, but differs from it (a) Lymph - 
in the relation borne by the blood to the 4) Evitheloid nie of Has- 
elements of the follicular tissue. It is sall, 
encased in a strong capsule made of fibrous 
tissue and unstriated muscle cells, From this many branching pro- 
longations pass into the substance of the organ, 80 as to traverse the 





Fig. 161.—(2) Trabecule of the Spleen. (b) Artery cut obliquely. (Cadiat.) 


soft red spleen pulp. In these trabeculae or prolongations from 
the capsule are found the branches of the splenic artery, dividing 
into smaller twigs without anastomosis. On leaving the trabecule 
the arteries break up suddenly into a brush-like series of small, 
branches, ending in capillaries which are lost in the pulp where thy 
ramall yeins may be seen to commence, 
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Between the trabecuke are found two distinct kinds of tiguue--{1.) 
Rounded myasses of lymphoid tissue, which are here and there 
ecattered through the organ (Malpighian corpuscles) ; aud (2.) the 
peculiar soft splenic pulp. 

‘The small rounded masses of lymph follicular tissue are situated 
on the course of the fine arterial twige. The delicate adenoid reti- 
culum which holds the lymph 
cells together, is intimately coy- 
nected with the vessel wall, The 
pale appearance of theae folliclos, 
which distinguishes them from 
the surrounding splenic pulp, 
depends on the number of the 
white cells which are packed in 
the meshes of thia perivascular 
adenoid tissue. 

The splenic pulp consists of a 
system of communicating lacu- 


. 162.—Reticulum of the Spl : : 
- injected with « epic pinnae nar spaces lined with endothe- 





{Cadiat.) lium. Into these spaces the 
{a) Meshes made of endothelium. blood is poured from the arteries, 
(0) gr cmp aia through which the = ond thus mingles with vast 
(c) Nuclei of endothelium. numbers of white cells. Besides 


the ordinary blood discs and the 
white corpuscles or lymph cells, many peculiar cells are found in 
the spleen pulp. Some ef these look likg lymph cells containing 
little masses of hemoglobin, and appear to be transitions from the 
colourless to the red corpuscles, whilst uther:, small, misshanen, red 
corpuscles, are regarded as steps in a retrograde change in the dlisce. 
But few, if any, lymph channels lead from the spleen-pulp, and 
only a relatively small number pass out from the hilus, eo that the 
splenic artery and vein must be regarded as taking the place of the 
afferent and efferent lymph channels. 
Chemical examination shows the splenic pulp to have remarkable 
iarities. Although so full of bluod, which is generally alkaline, 
the wpleen is acid in reaction, and contains a great quantity of the 
oxidation products (so-called extractives) commonly found as the 
result of active tissue change. The chief of these are uric acid, leucin, 
seascape inosit, lactic, formic, succinic, acetic, and 
butyric acide. It also contains numerous pigments, rich in carbon, 
but little known, which are probably the outcome of destroyed 
hemoglobin. A peculiarly suggestive constituent is an albuminous 
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body containing iron. The ash is found to contain a considerable 
quantity of oxide of iron, to be rich in phosphates and soda, with 
but small quantities of chlorides and potassium. 

If the blood flowing in the artery to the spleen be compared with 
that in the vein, the difference gives us the changes the blood has 
undergone in the organ, and hence is of great importance. In the 
blood of the vein is found an enormous increase in the number of the 
white corpuscles (1 white to 70 red in the vein, as against 1 to 2,000 
in the splenic artery). The red corpuscles from the vein are amaller, 
brighter, less flattened than those of ordinary blood ; they do not 
form rouleaux, and are more capable of resisting the injurious influence 
of water. The blood of the splenic vein is also said to have a great 
proportion of water, and to contain an unusual proportion of uric 
acid and other products of tissue waste. 

The amount of blood in the spleen varies greatly at different 
times. Shortly after meals the organ becomes turgid, and remains 
enlarged during the later periods of digestion. The size of the 
spleen, which may be taken as a measure of its blood contents, is 
also altered by many abnormal conditions of the blood. Thus, in all 
kinds of fever, particularly ague and typhoid, and in syphilis, the 
spleen becomes turgid, and in some of these diseases it remains 
swollen for some time. In s remarkable disease, leucocythemia, in 
which the white blood cells are greatly increased in number, and 
the red ones are comparatively diminished, the spleen, in company 
with the lymphatic glands, is often found to be profoundly altered 
and diseased, and commonly immensely enlarged ; but, on the other 
hand, advanced amyloid degeneration of the spleen may occur without 
any notable alteration taking place in the number or properties of 
the blood corpuscles. 

The spleen may be removed from the body without any marked 
changes taking place in the blood or the econemy venerally. It is 
said that if an animal whose spleen is extirpated be allowed to live 
for a certain time the lymphatic glands increase in size, or become 
swollen. 

In attempting to assivn a definite function to the spleen all the 
foregoing facts must be carefully reviewed, and the peculiarity of its 
(1) structure, (2) chemical composition, (3) the changes the blood under- 
goes while flowing through it, (4) the vartutions in blood supply which 
follow normal and pathological changes in the economy, and (5) the 
absence of effect following its extirpation, must all be borne in 
mind. 

Its structure teaches us that it ia intimately related to lymphatic 
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giends. ‘The Malpighian bodies are simply lymph follicles, and the 
pulp may be regarded as a sinus like that of a lymph-gland, with 

is difference, that it is traversed by blood instead of lymph. The 
eell eletnents found in it indicate that not only white cells are 
vapidly generated, but also that these cells have some peculiar rela- 
tionship to hemoglobin, as they are often found to contain some. 
The varieties in size, form, and general appearance of the red 
corpuscles can be accounted for by either their destruction or their 
formation occurring in this organ. 





Fig. 163.—Section of Spleen through a lymph follicle (Malpighian body) (a) injected 
to show the vessel; (c) entermg the follicle, the lymphoid tissue of which is pale 
in comparison with the pulp ()), the meshes of which are filled with injection. 
(Cadiat.) 


Ite chemical composition also shows that certain special changes go 
on in the pulp, and that probably stages of the construction or de- 
struction of hemoglobin are here accomplished may be inferred from 
the peculiar association of iron with albuminous bodies. 

From the characters of the blood flowing from the spleen it has 
been argued that, besides an enormous production of white corpuscles, 
the destruction of the red discs goes on, while some new discs are 

ormed, probably by means of the white cells making hemoglobin 
their protoplasm, which, gradually disappearing, leaves only the 


ved mass of hemoglobin. ; 
The increased activity of the spleen after meals, and in certain 
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abnormal states of the blood, as shown by its containing more blood, 
distinctly points out that some form of blood elaboration goes on in 
it, which is nearly related to, or associated with, nutrition. 

The swelling of the lymphatic glands after extirpation of the 
spleen confirms its relation to these organs, and the fact is undisputed 
that it is a source of the white corpuscles of the blood; but the 
paucity of evidence after this operation as to changes in the number 
or character of the red discs prove that if the spleen be either the 
place of origin or destruction of the red corpuscles it cannot be the 
only organ in which they are produced or destroyed. 


GLYCOGENIC FUNCTION OF THE LIVER, 


Of all the organs that modify the composition of the blood as it 
flows through them, the liver plays the most important part in 
elaborating the circulating fluid. The elimination of the various 
constituents of the bile, which has already been mentioned as neces- 
sary for the purification of the blood, and useful in aiding absorption, 
is probably but a secondary function of this great gland. The pro- 
duction of a special material—animal starch—essential to the nutri- 
tion and growth of the textures is, in all probability, the main duty 
of the liver cells, and possibly the constituents of the bile are but the 
by-products which must be got rid of, resulting from the chemical 
processes of the manufacture. 

In the chapter on the digestive secretions the structure of the 
liver was mentioned, and attention was dire;ted to the peculiarities 
of its double blood supply. A relatively small arterial twig takes 
blood to if trom the aorta, while the great portal veins distribute to 
it all that large supply of blood which flows through the intestinal 
tract and the spleen. 

The blood in the vena porta during digestion can hardly be 
called venous blood, for much more passes throngh the intestinal 
capillaries when digestion is voing on than is necessary for the nutri- 
tion of the tissue of the intestinal wall, The portal blood is further 
to be distinguished from ordinary venous blood from the fact that it 
has just been enriched with a quantity of the soluble materials taken 
from the intestinal canal, namely, proteids, sugar, salts, and probably 
some fats; and it has been profoundly modified by the changes 
taking place in the spleen, 

It is from this blood that the liver-cells manufacture the starch- 
like substance above mentioned. This substance was discovered by 
Claude Bernard, and called by him Glycogen, on account of the great 
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facility with which it is converted into sugar in the presence of 
certain ferments which exist in the liver itself and im most tissues 
after death. Shortly after the death of an animal the tissue of the 
liver, and also the blood 
contained in the hepatic 
veins, are extremely 
rich in sugar, which 
lias been formed by 
the fermentation of the 
hepatic glycogen. The 
quantity of sugar is in 
proportion to the length 
of time that has elapsed 
since the death of the 
animal, and is minimal, 
if not nil, if the liver 
or hepatic blood be 
taken for examination 
while the tissue ele- 
ments are still alive. 
The peculiar blood 
of the great portal 
vein coming from the 
stomach, intestines, and 
the spleen, has then to 
pass through a second 
set of capillaries in the 
Yig 164.—Diagram of the Portal Van (pt) arsing liver, and undergoes 


in the alimentary tract and spleen (s), and carry-  8uch importint changes 
ing the blood from these orguns to the liver. that this organ must be 


regarded as occupying 
foremost position among the blood glands. Differences of the utmost 
importance have lony Leen thought to exist between the blood going to 
and that coming from the liver, and to it has even been attributed 
paramount utility as a blood claborato: ; but the scientific know- 
ledge of its power in this respect must date from the discovery ot 
its glycoyenic function. 

Glycogen is a substance nearly allied to starch in its chemical 
composition, and is converted with yreat readiness into prape- 
sugar by the action of certain ferments and acids, Many of the 
animal textures contain these ferments, among others the liver itself, 
at least when its tissue is dying ; and consequently the liver with the 
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blood coming from it (if examined in an animal some time dead) does 
not contain glycogen, but sugar which has been formed from it. Ifa 
piece of liver taken from an animal immediately after it is killed be 
plunged into boiling water, so as to check the action of the ferment 
no trace of sugar is found in it, but only glycogen. After the lapse 
of a little time another piece of the same liver, which has lain at 
the ordinary room temperature, will give abundance of sugar. 

The mode of preparation of glycogen depends upon the foregoing 
facts, The perfectly fresh liver taken from an animal killed during 
digestion is rapidly subdivided in boiling water. When the ferment 
has been destroyed by heat the pieces of liver are rubbed up to a pulp 
in a mortar, and then re-boiled in the same fluid. The liquor is 
then filtered, and from the filtrate the albuminous substances are 
precipitated with potassio-mercuric iodide and hydrochloric acid, 
and removed on a filter. From this filtrate the glycogen may be 
precipitated by alcohol, caught on a filter, washed with other to 
remove fat, and dried. 

Glycogen thus prepared is a white powder, forming an opalescent 
solution in water, which becomes clear on the addition of caustic 
alkalis. It is insoluble in alcohol and ether. With a solution of 
iodine it gives a wine-red colour, and not blue, like starch, which 
it otherwise much resembles in chemical relationship. 

Glycozen has been fuund in many other parts besides the liver, 
namely, in all the tissues of the embryo, and in the muscles, testi- 
cles, inflamed organs, and pus of adults; in short, where any very 
active tissue change or srowth is yolng on, some traces of ylycogen 
can be found, 

Tie amount of glycogen in the liver depends ina great measure 
on the kind and quantity of food used. It rapidly increases with a 
full, and decreases with a spare dict, and it slowly falls to nil after 
prolonged starvation. The formation of glycogen is much more de- 
pendent on the carbo-hydrate food than on the proteid, for it rapidly 
rises with increase in the quantity of sugar taken, and falls, as in 
starvation, when pure proteid (fibrin) without any carbo-hydrate is 
used cither with or without fat. Although the large supply of 
glycogen normally manufactured in the liver is probably derived 
from the sugar of the food, we must not conclude from this that 
the liver cells cannot make glycogen from other materials. Possibly 
anything that sutlices for the nutrition of their own protoplasm 
enables the cells to produce glycogen. The slowness with which 
ylycogen disappears in starvation would seem to point to this. 

The ultimate destiny and uses of glycogen are still vexcd questions. 

x 2 
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Much trouble has been taken to decide whether it is converted into 
sugar, and as such carried off by the blood to the tisgues. One set 
of observers deny the existence in the living tissues of the amylolytic 
ferment necessary for its conversion into sugar, and think that it 
is distributed simply as glycogen to the tissues ; while others say 
that it is gradually changed to sugar before it is carried off in the 
hepatic veins. 

The difficulty of determining the exact amount of sugar in the 
blood with sufficient accuracy may account for the remarkable dis- 
parity of opinion on this subject, and makes this a very unsatisfactory 
means of determining the use or destiny of glycogen. In fact, the 
whole controversy seems idle, for the real questions are, not whether 
the glycogen is distributed to the tissues as sugar or not, but is the 
glycogen distributed to the tissues as a general carlo-hydrate nutri- 
tive, or is it to be regarded as a step in the manufacture of some 
other material by the liver cells ; in other words, is the glycogen of 
the liver a store of special animal carbo-hydrate to be kept till called 
for, or is it a atage in the formation of fat ? 


CHAPTER XXI. 


SECRETIONS. 


THE secretions which are poured into the alimentary tract have 
been already described in the chapter on digestion. There aic 
other glands which can now be conveniently considered since they 
more or less alter the blood flowing through them, and thus may be 
said to aid slightly in the perfect elaboration of that fluid. They 
are, however, subservient to very different functions ; some having 
merely local offices to perform, and others having duties allotted to 
them of the greatest general importance to the economy. This 
becomes obvious from a glance at the following enumeration of the 
remaining glandular organs. 

Secreting glands (other than those forming special digestive 
jitices) :—~ 

Lachrymal. 
Mucous, 
Mammary. 
Sebaceous, 


Excreting glands :- —- 
Sudorific. 
Urinary. 


SURFACE GLANDs, 
LACHRYMAL GLANDS. 


Most vertebrate animals that live in air have a gland in comnec- 
tion with the surface of their eyes, which secretes a thin fluid to 
moisten the conjunctiva, This fluid commonly passes from the eye 
into the nasal cavity, and supplies the inspired air with moisture. 

The lachrymal fluid is clear and colourless, with a distinctly 
salty taste and alkaline reaction. It contains only abeut 1 per cent. 
of solids, in which can be detected some albumin, mucus, and fat 
(1 per cent.), epithelium (1 per cent.) as well as sodium chloride and 
other salts (‘8 per cent.), 
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The secretion is produced continuously in small amount, but is 
subject to such considerable and sudden increase, that at times it 
catmot all escape by the nasal duct, but is accumulated in the eyes, 
until it overflows to the cheek as tears. This excessive secretion 
may be induced by the application of stimuli to the conjunctiva, the 
lining membrane of the nose, or the skin of the face, or by strong 
stimulation of the retina, as when one looks at the sun. A similar 
increase of secretion follows certain emotional states consequent on 
gtief or joy. These facts show that the secretion of the gland is under 
nervous control, the impulses stimulating secretion commonly starting 
either from the periphery, and passing along the sensory branches of 
the fifth or along the optic nerve, or from the emotional centres in the 
brain, and arriving at the gland in a reflex manner. The amount of 
secretion can also be augmented by direct stimulation of the lach- 
rymal nerves, eo that in ail probability these are the efferent channels 
for the impulse. 


Mucous GLANDSs.. 


In connection with mouth and stomach secretions, mention has 
been made of glands which are elongated saccules lined with re- 
fracting cells (Fig. 165). They are distributed over all mucous 
membranes, and are the chief source of the thick, tenacious, clear, 
alkaline, and tasteless fluid called mucus. 

This material contains about 5 per cent. of solid matters, of which 
the chief is mucin, the characteristic material of mucus, which swells 
up in water and gives the peculiar tenacity to the fluid. It is preci- 
pitated by weak mineral and acetic acids ; and, as the precipitate 
with the latter does not redissolve in an excess, this acid locomes a 
good test to distinguish it from its chemical allies. Mucin is not pre- 
cipitated by boiling. Mucus also contains traces of fat and albumin, 
and inorganic salts, viz., sodium chloride, phosphates and sulphates, 
and traces of iron. 

The fluid is secreted either by the special mucous glands, or it may 
be produced by the epithelium of the mucous surfaces. The cells 
produce in their protoplasm a quantity of the secretion, which may 
aften be seen to swell them out to a considerable extent. This clear 
fluid is then expelled, and the altered cells are repaired or replaced. 
Many elements, like the remains of epithelial cells, are found in the 
secretion ; and also round nucleated masses of protoplasm similar 
to white blood corpuscles, after the imbibition of water. In the 
abnormal secretion of a mucous surface during inflammation these 
mucous corpuscles are, as well as the general amount of secretion, 
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enormously increased, so that the secretion may become opaque, and 
may appear to be purulent. 

The chief object of the secretion seems to be to protect the mucous 
surfaces, which are rich in delicate nerves and vessels, and are sub- 
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Fig. 105.—Section of the Mucous Membrane of upper part of nasal cavity showing 
numerous Mucous Glands cut in various directions. a, Surface epithelium ; 
db, gland saccule ; c, connective tissue lined with secreting cells. (Cadiat.) 


jected to many injurious influences of a chentical or mechanical nature. 
It is analogous to the keratin of the epidermis, and may be regarded 
as an excretion since it is nut absorbed, but is cast out from the 
mucous passages, and passes from the intestinal tract with the faces, 
and from the air passages as sputum, &c. 


Sepaceous GLanps, 


These belong to the outer skin, and commonly open into the 
follicles of the hairs, but also appear on the free surface of the lips and 
prepuce, &c., where no hairs exist. 

The secretion cannot be collected in great quantity in a normal 
condition, but as far as can be made out, it is composed of neutral fat, 
soap, and an albuminous body allied to casein, and organic salts and 
water, about 60 per cent. 

The secretion seems to be made up of the remains of epithelial 
cells which are thrown off from the inner surface of thy glands, while 


312 MANUAL OF PHYSIOLOGY, 


they are nnilergoing a peculiar kind of fatty degeneration, These 
cells gradually get quite broken down during their sojourn in the 
gland alveoli,and the secretion is finally pressed out by the smooth 
muscle band which commonly embraces the gland and squeezes it 
against the hair follicle. 

This secretion, the use of which is to lubricate the surface with 
a fatty material, is cast off with the desquamated epithelium 





Fig. eee Oe Re ee ee ee ne ee 
Glands (d), (Cadiat.) 


and the hairs. The Meibomijan glands of the eyelids are analogous 
structures, and are specially elaborated for the lubrication of the 
ciliary margin. The glands about the prepuce and clitoris are aleo 
analogons to the sebaceous glands; in some animals they secrete a 
peculiarly odoriferous material (Castor), 


Mamuary GLAXDS. 


The secretion of milk only takes place under certain circumstances, 
and continues only for a limited period. As the name of the glands 
implies, they are present in all mammalian animals, The activity 
of the gland commences in the later stages of pregnancy, and then 
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continues, if the secretion be regularly withdrawn from the gland, for 
some 9 to 12 months, 

During pregnancy the breasts undergo certain preparatory changes 
prior to the appearance of the milk. They increase in bulk owing to 
this greater blood supply, and to certain changes in the cell elements 
of the glands, which are compound saccular glands. Each breast con- 
tains a series of some ten to twelve glands with distinct ducts, upon 





Fig. 107.—Section of Mammgry Gland during active lactation (human). 


(a) Saccules lined with regular epithelium. 
m= (>) Connective tissue between the alveoli. (Cadiat.) 


which are dilatations that act as reservoirs in which, during active 
lactation, the secretion is stored until it is needed. 

The alveoli are chiefly saccular in form, and are lined with a single 
layer of glandular epithelium, and, during active lactation, contain 
but little fat, though in the later stages of pregnancy before the secretion 
is established the cells contain quantities of lange fat globules. 

Milk is a yellowish-white, perfectly opaque, sweetish fluid, with an 
alkaline reaction and a specific gravity of about 1030. When exposed 
to the air, particularly in warm weather, the milk svon loses its alka- 
linity, first becoming neutral, and then markedly acid ; the milk is then 
said to have “ turned sour,” but its appearance is not greatly changed. 
When it has stood a very long time it may crack or curdle, and sepa- 
rate into two parts; one a thick white curd and the other a thin yellowieh 
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fluid. This turning sour and ultimate curdling depends upon a 
change brought about in one of its most important constituents, 
namely, milk suger, by means of a process of fermentation. The 
milk sugar, in the presence of certain forms of bacteria, ferments and 
gives rise to lactic acid. When the quantity of lactic acid is sufficient, 
it not only makes the milk sour, but also precipitates another of its 
important constituents, namely, casein. This albuminous body in its 
coagulation entangles the fat of the milk, and we have thus formed 
the curd of cracked milk, whilst the whey consists of the acid, salts, 
and remaining milk sugar. 

Although the curdling of milk depends on the coagulation of an 
albuminous body, it is never produced by boiling fresh milk, because 
the chief proteid is casein, a form of derived albumin (alkali-albumin), 
which does not coagulate by heat. 

When milk is preserved from impurities and kept in a cool place, 
a thick yellow film soon collects on the top of the fluid, the thickness 
of this layer—the cream, may be taken as a rough gauge of the rich- 
ness of the milk. For milk consists of a fine emulsion of fat, the 
suspended particles of which are kept from running together by a 
superficial coating of dissolved casein. When left at rest, the light 
fatty particles float to the top and form the cream. 

When the mammary glands commence to secrete, the milk con- 
tains numerous peculiar structural elements which finally quite 
disappear from the secretion, but which are of considerable interest 
in relation to the physiological process of the secretion. These are 
the colostrum corpuscles, which consist,of large spherical masses of 
fine fat-glubules held together by the remains of a gland cell, which 
encloses the fat-globules as a kind of sac or case, and jn which at 
times a nucleus can be made out. 

The most remarkable point about the chvmical composition of milk 
asa secretion is the large proportion of proteid and fat it contains, It 
appears that there are two distinct albuminous bodies present, viz. : 
casein, which appears identical with alkali-albumin, and another 
form of albumin allied to serwmn-albumin. The fats are present in the 
shape of globules of various sizes, being in the condition of a perfect 
emulsion as above stated. They consist of glycerides of palmitic, 
stearic, and oleic acids. 

The milk sugar is very like glucose or grape sugar, but not £0 
soluble. It has the peculiarity of underguing lactic fermentation. 

Of the inorganic constituents of milk the most important are 
sodium chloride, and phosphates and carbonates of the alkalis ; and 
it is a remarkable fact that the potash compounds, which are the most 
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abundant in the red blood corpuscles, are present in greater quantity 
than those of soda, 

The following table shows the composition of human milk, a com- 
parison of which with that of some domestic animals will be found 
on page 69 :— 

Albumin ; . 39°24 
Fat. : . . 26°66 
Milk sugar. . 43°64 
Salts . : . . 138 


11092 
Water. . ; ; . 889°08 


1000°00 


The relative quantity of the several ingredients of milk varies with 
the kind of diet used, A vegetable diet increases the per-centage of 
sugar, but diminishes that of the other constituents, and also the 
general quantity of milk. A rich meat diet increases both the general 
quantity and the per-centage of fats and proteids. 

The quantity of milk secreted in the twenty-four hours is extremely 
variable in different individuals, and under different circumstances in 
the same individual ; the average in general being about two pinta. 

The amount of the different materials in milk varies under the 
following rules, The proportion of albumin increases as the milk 
sugar decreases, and the fat remains the same as the period of lacta- 
tion advances. The poitions*ef milk last dratn are much richer in 
fats than that which 1s first taken from the gland. In the evening 
the milk is ficher in fat than in the morning. The general amount 
of solid constituents falls, up to the age of thirty years, then gains 
slightly until thirty-five, after which age the milk becomes decidedly 
thinner. These points should he borne in mind in the selection of a 
wet-nurse. 

Mode of secretion.— Although the blood contains albumins, fats, &c., 
very similar to those which form the solid parts of the milk, we have 
good reason for thinking that the constituents of milk are not merely 
extracted from the blood, but that the manufacture of this highly 
valuable secretion is due to the activity of the protoplasm of the gland 
cells, which construct the various ingredients out of their substance. 

It has been suggested, as a simple explanation of the formation of 
milk, that the cells undergo fatty degeneration, and the secretion is 
then only the debris of the degenerated cells. 

Some facts support this view. In the first place the ingredients one 
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finds in milk are suggestive of, though not identical with, the 
chemical materials which can be obtained from protoplasm by 
chemical disintegration rather than of any group of substances found 
in the blood. Further we find that the so-called colostrum corpuscles, 
which appear to be secreting cells filled with fat particles, are thrown 
off from the gland in the early stages uf the secretion, and appear in 
numbers in the milk. 

But these colostrum corpuscles soon cease to be thrown off in the 
secretion, and the saccules of the glands during active lactation do 
not contain any signs of the debris of cast off cells, or any grada- 





Fig. 168.—Section of the Mammary Gland 
: Fig 169.—Cells of Mammary 
: ihe Cat in the early stages of lucta- Gland during lactation, 
‘ tained with osmic acid 
(4) Cavity of alveoli filled with granules a as to show the various 
and globules of fate sized oil globules as black 
1, 2, 3. wane = various stages of masses. ‘Cadiat.) 


tions in degeneration. Only one row of finely granular cells is found 
lining the saccules, and the cavities are filled with globules of various 
sizes, From this it would appear that in the earlier stages of the 
production of the secretion, the mainmary cells, after a long period 
of inactivity are so unaccustomed to the duty they are called upon 
to perform, that they succum) in the effort, and, being unable to 
produce the rich secretion and retain their vitality, they are cast off. 
Their offspring, however, after a generation or two acquire the neces- 
sary faculty of making within their protoplasm all the necessary 
ingredients of the milk, and discharge them out intu the lumen of 
the saceules without themselves undergoing any destructive change. 
The influence of the nervous system on the secretion of the mammary 
glands is distinctly shown by the wonderful sympathy between the 
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action of these glands and the conditions of the generative apparatus. 
Further, different emotions have an effect, not only on the quantity, 
but also on the quality of the secretion. Local stimulation also pro- 
motes the secretion, for the application of the child to the breast 
at once produces this effect, partly, possibly, through mental influ- 
ences, but chiefly, no doubt, by reflex excitation of the gland 
following the local stimulation. 

For the details of the dietetic value of milk, see Chapter V. on 
Food, p. 69. 


EXCRETIONS, 


The term excretion is commonly used to denote a gland-filuid the 
chief constituents of which are manufactured by other tissues, and 
are of no use in the economy, but, on the contrary, require to be 
continually removed in order that their accumulation in the blood 
may not give rixe to injurious consequences. These effete matters 
are the outcome of the various chemical changes in the tissues 
whence they are always collected by the blood and carried to the 
glands which preside over their elimination, 

The next form of cutaneous glands are commonly arranged among 
the excretory organs, though their more important function, as will 
hereafter appear, is to supply surface mvisture for the purpose of 
regulating the temperature. 


) . 
SUDORIFEROUS (iLANDS. 


o 

The sweat glands are distributed all over the cutaneous surface, 
but in some parts, such as the axilla, perineum, &c., they are both more 
abundant and larger than elsewhere. They are simple tubes extend- 
ing in & more or less wavy manner through the skin, and ending in 
a rounded knot formed of several coils of the tube some way be- 
neath the corium, where they are surrounded by a capillary plexus. 
The tube is lined with ylandular epithelium, and its basement 
membrane is beset with longitudinally arranged smooth muscle 
fibres. 

The secretion of streat is always going on, though it does not constantly 
appear as a moisture on the surface, because the amount produced is 
only just equal to the amount of evaporation that takes place, In 
this case it is spoken of as insenstble perspiration. Under certain 
circumstances the sweat collects on the surface and becomes obvious 
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as fluid—senatble perspiration—which bathes the skin, being produced 
more rapidly than it can be evaporated. The quantity of secretion 
necessary to become sensible varies with the dryness and heat 
of the air, that is, with the rapidity with which evaporation takes 
place. It happens, however, that the very circumstances which tend 
to assist evaporation also promote the secretion of sweat. Indeed, the 
effect of great heat and dryness of the air is to increase the cutaneous 
secretion more rapidly than they increase the capability of evapora- 
tion, and therefore when the air is hot and dry and evaporation is 
going on very actively, we have the secretion of sweat made sensible 
to our feelings. When dampness is associated with warmth of the 
atmosphere the sweat collects in large quantities on the skin, for the 
heat, as we shall see hereafter. vids the »ecretion, and the damp air 
inipedes the evaporation. 

The guantity of perspiration given oft 1s considera) *e, but the wide 
limits within which the amount may vary render an attempt to express 
an averave in numbers useless. The amount will depend on (1) the 
temperature of the air, (2) the quantity and quality of fluids imbibed, 
(3) the amount of heat generated in the body, and it therefore varies 
directly with muscular exercise. The amount that becomes perceptible 
to our senses depends on the impediments to evaporation that may 
exist, as well as on the amount of fluid produced. 

The chemical composition of sweat varies with tlie amount secreted. 
When collected as a fluid by enclosing a part of the body in an im- 
pervious sac, it is found to have about 2 per cent. of solid matters, the 
greater quantity of which is made up of inorganic salts, sodium chloride 
being by far the mosé abundant. It Also contains sume epithelial 
debris, traces of neutral fats, and several volatile and fatty acids 
(butyric, proprionic, caproic), to which it owes its peculiat smell. It 
is suid to contain urea, but this has been denied, and since all the 
nitrogenous income is accounted four in the urea excreted by the kid- 
neys, it is probable that the cutancous elimination of urea is minimal, 
if not exclusively pathological. It is also said to contain salts of 
ammonia, and it affords a means of escape to manv drugs. In cer- 
tain parts of the body, especially in some individnals, it contains 2 
considerable amount of pigments, varying in colour from brick red 
to bluish-black, which need not be here further described. 

The effect of nervous influence on the secretion of sweat is so asso- 
ciated with the nervous mechanisms of the cutaneous vessels that, 
under ordinary circumstances, it is a difficult matter to separate 
them. There can be no doubt, however, that a special nervous 
contro] is exerted over the productiun of sweat. This appears to be 
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observable in some diseases, the poisons of which variously affect the 
two sets-of nerves. Thus, in fever, we observe a dry red skin accom- 
panied by an increased supply of blood, and a suppression of the secre- 
tion of the sweat glands ; whilst in certain stages of acute rheumatism, 
the exact opposite is seen, ¢.c.,a profuse sweat drips from the pale 
bloodless skin. It has, moreover, been recently shown that in some 
animals (cats) the stimulation of the sciatic nerve, causing contraction 
of the blood-vessels, produces at the same time a copious secretion of 
sweat ; and a warm atmosphere is said to have no effect on the secre- 
tion of a limb the nerve of which has been cut, although the warmth 
be so great as to make the rest of the animal’s body sweat profusely. 

The effect of drugs upon the cutaneous secretion is well known. 
There is a large group of medicines, especially pilocarpin, which 
produce an increased flow, while many others, notably atropin, have 
i. contrary eflect. 


CuTANLOUs DESQUAMATION, 


Toyether with cutaneous crcretion should be mentioned the con- 
tinuous and extensive loss all over the surface of the body from the 
casting off of the superficial layers of the dried horny cells of which 
the outer part of the skin is composed, 

The way in which the cells of the mammary gland produce their 
important secretion is by their protoplasm adopting a peculiar method 
of fat manufacture, whilst all the strength of its nutritive powers 
is devoted to the elaboraton of the constRuents of milk. In a 
similar way the cells of the epidermis devote their nutritive activity 
to the pr&duction of a certain material—keratin, which cannot be 
called a secretion in the ordinary acceptation of the term, but which is 
certainly elaborated as the result of the nutritive changes going on in 
the protoplasm of the cell duriny its life-history, just as we know 
that many other substances are produced as the result of the work- 
ing of gland cells. 

The work of the epidermal cells supplies—not a peculiar chemical 
re-agent, as do some of the gland cells of the digestive tract, nor yet 
a nutrient fluid like milk—but the exterior of the body with an 
insoluble, impervious, tough coating, which though thin and elastic, 
is very strong and resisting. 

The nearest analogy to the secretion of the keratin in the epidermal 
cells, is the production of mucin in the cells of the epithelial lining 
of the mucous membranes, Both substances may be looked upon as 
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excretions, as they never re-enter the system and are cast off, but each 
of them performs a definite function, and is produced by special 
protoplasmic elements, like the secretions more generally recognised 
as such, 

The amount of nitrogenous substances thus excreted cannot well be 


reckoned, but, having regard to the great extent of surface from 
which they are derived, it must be considerable. 


CHAPTER XXII. 


URINARY EXCRETION. 


THE urine is the most important fluid excretion, for by it, in 
mammalia, nearly all the nitrogen of the used-up proteid leaves the 


body in the form of urea. 
The construction of the 
urinary glands requires 
the special notice of tlic 
physiologist. 


STRUCTURE OF THE 
KIDNEYs. 


The kidneys may be 
called complex tubular 
-lands, because the tubes 
of which they are com- 
posed are made up of a 
number of parts essentially 
differmg frem one anothe: 
both in their structuie 
and in their relation to 
the blood vessels. 

The tubes begin by a 
small rounded dilatation 
(Malpighian capsule)which 
1s lined by thin flattened 
epithelium. Opening from 
this capsule, Fig. 171 (y), 
is found a tortuous tu- 
bule ( f), lined by peculiar 
large rod-beset epithelial 
cells, which occupy the 
greater portion of its 
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Fig 170 —Section of Kidney of Man 


a, Curtacal substance composed chiefly of convo- 
luted tubules; the portions between the 
medullary pyramids form the columns of 
Bertan (¢). , 

b, Pyramids of medullary substance, composed 0 
straight tubes, &c , radia towards cor- 
tex, to form the pyranuds of Ferreim. 

d, Commencement of ureter leading from central 
sac or pelvis. 

C Poralle, where the tubos open mto pelvis.— 
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diameter. This convoluted tubule (/) leads into a tube («) of much 
leas external diameter, but about equal lumen, owing to the thinness 
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Fig. 171. get of the Tubules of the Fig. 172.~ Portions of various Tubules 


Kidney. (Cadiat.) highly magnified, showing the 
“i Large duct opening at papilla. relation of the lining epithelium 
6 and c. Straight collecting tubes. to the wall of the tube. (Cadiat). 
d and 4, Looped tubule of Henle. a, Large duct near the papilla. 
I. tabules of cortex. +. Commencement of Henle’s loop. 
g. Capsule from which the latter spring. c. Thin part of Henle’s loop. 


of its lining epithelium, the cells of which are more flattened 
and much thinner than those in the tortuous tubes. This thin tube 
forms a loop extending down into the medullary pyramid and 
returning to the cortex, where it can be seen to become again con- 
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voluted (d) and then to open into a straight collecting tube. The 
collecting tubes (c, b) receive many similar tributary tubes on their 
way towards the apex of the Malpighian pyramid, where they 
pour their contents into the pelvis of the kidney. The epithelial 
lining of these collecting tubes is of the ordinary cylindrical type. 





Fig. 173.—Portion of Convoluted Tubule, showing peculiar filrillaicd epithelial 
cells. (Heidenhain. ) 


We thus find four kinds of epithelial cells in the various parts of 
the urinary tubules, viz., scaly cells in the capsule ; peculiar rod- 
beset glandular cells in the convoluted tubes ; flattened cells in a 
great part of the loop ; and ordinary cylindrical cells in the large 
straight tubes. (Figs. 172 and 173.) 


Bioop VESSELS. 


The renal artery, on its way from the hilus to the boundary 
between the cortical and medullary portions, of the kidney, breaks 
up suddenly into numerous sinall branches; these vessels then form 
arches whigh run along the base of the pyramids. From the latter, 
straight branches, called interlobular arteries, pass towards the’ 
surface, and vive off lateral branchlets which furm the afferent vessels 
to the neighbouring Malpighian capsules. Within the capsules 
the afferent arteries at once break up into a series of capillary loops, 
forming a kind of tuft of fine vessels—the glomerulus, which fills the 
cavity at the beginning of the tubules, and is only covered by thin 
scaly epithelial cells, and thus separated from the urine. It isa 
singular fact that in the renal circulation the efferent vessel on 
leaving the glomerulus does not, like most veinlets, unite with others 
to form a larger vein; but again breaks up into capillaries, which 
form a dense meshwork around the convoluted tubules. The blood 
ig thence conveyed to small straight veins corresponding to the intra- 
Jobular arteries. 

Another striking peculiarity of the renal vessels is that a distinct 

¥ 2 
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set of arteries, starting from the same point as the interlobular 
(between the cortex and medulla), pass towards the centre of the gland 
into the pyramids. They consist of bunches of straight arterioles, 
which lie between the straight and the looped tubules, Corre- 





Fig. 174.—Glomcrulus, treated with silver nitrate, showing the endothelium. 


sponding with these straight arteries are minute straight vcins, which 
carry the blood back to the vessels at the base of the pyramids. 

In the kidney, then, we have three sets of capillary vessels, which 
differ in their position, the form of their meshes, and their relation 
to their parent artery. Probably the pressure exerted by the blood 
in them, and the rapidity of its flow through them, differ also :— 


1. The capillaries in the glomeruli are loops collected into a tuft by 
their covering of delicate epithelium, On account of their relation to 
the afferent artery which ends abruptly in these capillaries, and to the 
swaller efferent vessel that leads to a secondary plexus of capil- 
laries, the preasure within the glomerulus must be very great com- 
pared with that of the general capillaries of the body, and must vary 
much with ehanges in local blood-pressure, 

2, The eecondary capillary plexus, with its narrow meshwork 
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closely investing the tubules can only be under comparatively trifling 
pressure which varies but little, on account of the blood having 
first to pass through the capillaries of the glomerulus. Their 
current of blood must 
also move slowly, since 
the bed of the stream 
is here very great. 

3. The straight ves- 
sels, with long meshed 
capillaries, in the py- 
ramids between the 
looped and straight 
tubules are unlike 
the two preceding. In 
these straight vessels 
the blood probably 
flows with greater ve- 
locity than in_ those 
around the convoluted 
tubes ; and their blood- 
pressure is less than 
that in the glomeruli 
but greater than that 
in the intertubular 
capillaries, 





Fig. 175.—Daagram showing the relation borne by the 
Dbloud vessels to the tubules of the kidney. The 
upper half corresponds to the cortical, the lower 
tu the medullary part cf the organ. The plain 


THE URINE, 


@ 

When freshly voided 
the wrine of man in 
health is a clear straw- 
coloured fluid, with 
a peculiar aromatic 


tubes are shown separately on the right, and the 
vessels on the left. The darkly shaded arteries 
send off straight branches to the pyramid and 
larger interlobular branches to the glomeruli, the 
effcrent vessels of which form the plexus around 
the convoluted tubes. 


odour. The intensity 
of the colour varies with the amount of solids—the colour being 
a rough indication of the degree of concentration. On standing and 
cooling a slight cloud of mucus often appears floating in the fluid. 
This comes from the lining membrane of the bladder, and it 
usually entangles a few flattened epithelial cells, which are the only 
organised structural elements found in it in health. 

The fresh urine has a distinctly acid reaction. This does not 
depend upon the presence of free acid, as is suggested by the fact 
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that no precipitate is formed on the addition of sodium hypoaulphite, 
but upon the large amount of acid salts, particularly acid sodium 
phosphate, which it invariably contains. A strictly vegetable diet 
renders man’s urine alkaline, and it is said to become less acid after 
meals. In the herbivorous mammalia the urine is normally alkaline 
so long as their digestion is going on, but when they are deprived 
of food for some time it becomes acid, showing that the alkalinity 
depends upon their diet. 

The specific gravity of urine varies greatly at different times, com- 
monly, however, ranging between the figures 1015—1020. After 
copious drinking it may go as low as 1003, and after prolonged 
abstinence from liquids, or very active sweating, it may attain 1040. 

The quantity of urine secreted is also very variable, that produced by 
an adult usually amounting to about 2 pints per diem (1000-1500 
c.c.). The amount is increased by—({1) elevation of the general blood- 
pressure, or the pressure in the renal vessels from any cause what- 
ever ; (2) contraction of the cutaneous vessels from cold ; (3) copious 
drinking ; (4) excess of nitrogenous diet ; (5) the presence of soluble 
matter in the blood, such as sugar, salt, &c. ; and, (6), the presence 
of urea as well as various medicaments, has a special action on the 
renal secretion, greatly increasing the amount of urine passed. 

Although the quantity of urine differs so much under different 
circumstances, the amount of solids excreted by the kidneys in the 
24 hours remains pretty much the same, being on an average over 
1}0z. (50 grammes) for an adult man. 

“From this it is obvjous that the height of the sp. gr. must vary 
inversely with the amount secreted, so that the more scanty the 
urine the higher we expect to find the per-centaye of solids. 


SECRETION OF THE URINE. 


We have just seen that the arterial twig, or afferent vessel, which 
enters the capsule of Malpighi, breaks up into a set of capillary 
loops, which are only covered by a single layer of extremely thin 
epithelial cells separating them from the lumen of the urinary 
tubule, and that the pressure in the vessels of the glomerulus is 
habitually higher than that in most capillaries, and constantly 
greater than that of the second capillary network around the con- 
voluted tubules. 

The general arrangement of these vessels, and the high pressure in 
the glomeralus, give the impression that it is simply a filtering 
apparatus by means of which the fluid parts of the blood pass into 
the urinary tubules. This view seems supported by the fact that 
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the quantity of urine secreted bears a direct proportion to the blood- 
pressure in the minute renal vessels, whether the change in pressure 
depends on local vascular mechanisms or on changes in the general 
blood-pressure. 

Such a theory, however, cannot adequately explain the formation 
of urine, because the urine differs so materially from the fluid one 
could obtain as a filtrate from the blood. In health it contains no 
«albumin, a substance in which the blood is very rich ; and it has 
enormously more urea and salts than the blood. There is, there- 
fore, both a quantitative and qualitative difference, which implies 
a distinct process of selection, and although filtration cannot be alto- 
yether excluded from the process, it must be completely modified 
by other forces. 

Moreover, in the general description of the organ we have just 
seen that in a great part of the tubules, both the epithelial and vas- 
cular supply give the idea of actively secreting gland tubes. From 
the mere construction of the different portions of the gland it has been 
coneluded that there are two distinct departments each of which play 
a different part in the production of the urine. One is a simple filter- 
ing mechanism, and the other a definitely secreting glandular tubule. 

It is not surprising that, with such a complex arrangement as the 
tubules above mentioned, there shculd exist different views as to the 
exact mode in which the urine is secreted. As these are more or 
less at variance in their explanation of the method of secretion, and 
as it is difficult tu put any of them aside as quite erroneous, it becomes 
necessary to enumerate each somewhat in detail. 

Feeling convinced of the filter-like function of the glomerulus, and 
recognising the fact that some other agency was also at work in the 
formation of urine, Bowman caplained the process thus :—From the 
glomerulus the watery parts of the fluid are filtered, while the glan- 
dular epithelium selects the important solid constituents which it is 
necessary to remove from the blood. 

Ludwig takes a different view. He believes that the watery part 
of the plasma, bearing with it the salts, &c., is filtered from the ylome- 
rulus, As this fluid passes through the tortuous urinary tubules, a 
large portion of the water is re-absorbed into the capillary networks 
surrounding them. This re-absorption is assisted by the high specific 
gravity of the blood and the low pressure in these capillaries as 
compared with the glomeruli, where the filtration of the liquid 
occurs. The réle of the epithelium is not then selection from the 
blood of specific materials, but possibly the prevention of the return 
of the solids with the water back to the blood vessels. 
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Heidenhain attempted to settle the question as to the function 
of the renal epithelium, by introducing into the blood a blue 
colouring matter—pure sodium sulphindigotate—which he found ta 
be eliminated by the kidneys, giving rise to blue urine. On examining 
the organ with the microscope at a suitable time after the injection 
of the colour into the blood, the tubules are found to be filled with 
the pigment, and in some cases the peculiar epithelium of the con- 
voluted tubules is stained with the blue substance, while the glome- 
ralus and capsule are entirely free from the colour. If the stream of 
fluid from the glomerulus be stopped in any way—tying the ureter, 
section of the spinal cord, or local destruction of the glomeruli—the 
blue colour is only to be found in the convoluted tubes and their 
epithelium, and hence it has been concluded that its presence in the 
looped and collecting tubes of the kidneys and urinary bladder, de- 
pends upon its being washed out of the convoluted tubes by the 
stream of fluid filtered from the blood at the glomerulus. 

The following facts may also be adduced in further support of 
the view that the yvlandular epithelium bears no mean share in the 
removal of the more important solid constituents of the urine. 

The epithelium in the tubules of the kidney of birds is found im- 
pregnated with acid urate of potassium, which insoluble substance 
forms the chief constituent of the solid urine of birds. 

The amount of liquid passing out at the kidneys is in <lirect pro- 
portion to the blood pressure, whereas the excretion of the specific 
constituents of urine is independent of the pressure, but is related 
to the amount existing in the blood, and the condition of the epithe- 
lium. This is shown by the increased elimination of urea when that 
substance is artificially introduced into the circulation, even after 
the flow of the fluid has been checked by section of the spinal cord. 

Another view has been put forward, which, with some modifica- 
tion, appears plausible, or at least worthy of mention. Paying atten- 
tion to the fact that where vascular filtration—z.e., the passage of 
liquid under pressure through -the capillary wall—occurs elsewhere 
in the body it is not only water and salts, but plasma that passes 
out of the vessels into the interstices of the tissues, we may then 
assume that the fluid part of the blood, as such, and not merely its 
watery part, escapes at the glomerulus. That is to say, the solid ingre- 
dients of the urine in a diluted form, plus serum-albumin, pass into the 
tubules, But on its way down the long and circuitous route through 
the tubules the albumin with much water is reabsorbed by the capil- 
laries of the convoluted tubes, The first step in this case is a mechanical 
filtration ; the second is a vital process of re-absorption of a solution of 
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serum-albumin carried on by the gland cells in the tubules, aided 
by the low pressure in the peri-tubular capillary plexus. This view 
seems supported by pathological experience, which teaches that the 
removal of the epithelium of the tubes (the glomeruli remaining 
perfect), is followed by the appearance of albumin in the urine, and 
cysts formed by the destruction of the epithelium and occlusion of 
the tubules commonly contain a fiuid somewhat like plasma. 

Doubtless much remains to be found out as to the exact method of 
secretion of the urine, and possibly future research may show us that all 
the views here enumerated have some truth inthem. Thata filtration, 
not mere osmosis, takes place, is made certain by the special vas- 
cular mechanism of the glomerulus. Why simply water and salts 
without albumin should pass through the capillaries of the glomerulus, 
and not through any other capillaries, is not sufficiently explained to 
make it sure that this filtration differs from others. That the 
glandular epithelium does take an active part in the elimination of 
the urea is rendered almost indisputable from the researches of 
Heidenhain. And yet there remain other parts, eg., the loops of 
Henle, which are constantly found in the kidney, and have a special 
vascular mechanism, and to which none of the foregoing theories 
assign any special or peculiar function, 

From the foregoing evidence we may fairly suppose that most of 
the urea, and possibly some other solid constituents of the urine, are 
selected from the blood by the epithelial cells of the convoluted 
tubules, that the fluid part of the blood escapes at the ylomerulus, 
and flows along the varied and circuitous route of the tubules, 
carrying with it the matters poured into the tubes by the cells, and 
that in some part of the tubules the dilute filtrate loses much of its 
water and all its albumin. 


CHEMICAL COMPOSITION OF URINE. 


The per-centage of the various materials in urine varies as the se- 
cretion differs in strength, as mentioned, but on an average it may 
be sud to contain about 4 per cent. of solids and 96 per cent. water. 

The following are the more important solid matters :— 


Urea is the most important, and at the same time most abundant 
solid constituent, commonly forming about 2 per cent. of the urine. 
It is regarded as the chief end-product of the oxidation of the nitro- 
genous niatter in the body, so that the amount cxcreted per diem 
gives us the best estimate of the amount of chemical change taking 
place in the tissues. It is readily soluble in alcohol and water, 
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but insoluble in ether. It forms acicular crystals with a silky 
lustre. From a chemical point of view it may be regarded as the 


O 
diamide of carbonic acid, with the formula CO NE or z,| N,- 
8 


It is isomeric with ammonium cyanate a O, from which it was 
4 


first prepared artificially. It is aleo isomeric with the amide of 
carbamic acid, with which it is considered by some to be identical. 

On exposure to the air bacteria develop in the urine, and, acting 
as a ferment, change the urea into ammonium carbonate, two mule- 
cules of water being at the same time taken up, thus: 


CO(NH,),-+2H,0=(NH,),CO,, 


This gives rise to a change in the reaction of the urine, which after a 
time becomes increasingly alkaline, and the change is commonly 
spoken of as the alkaline fermentation of the urine. This change is 
extremely slow in solutions of pure urea, which do not support bac- 
terial life. 

With nitric and oxalic acids, urea forms sparingly soluble salts—a 
fact made use of in its preparation from urine. 

The amount of urea eliminated in the 24 hours is about 500 
grains (35 grammes). The amount varies (1) in some degree with 
the amount of urine secreted ; an increase in the amount of water 
being accompanied by a slight increase in the urea eliminated. 
Some materials, such as common salt, increase the water, and thereby 
also increase the urca. «(2.) The character and quantity of the diet 
influences most remarkably the quantity of urea given off, the amount 
increasing in direct proportion to the quantity of proteid consumed. 
Fasting causes a rapid fall in the amount of urea; even in the Jater 
days of starvation it continues to fall, but very slowly. (2.) The 
amount differs with age, being relatively greater in childhood than 
in the adult (about half as much again in proportion to the body 
weight). (4.) Many diseases have a marked influence on the amount 
of urea. In most febrile affections it increases with the intensity 
of the fever, while in disease of the liver it often notably decreases. 

In disbetes, if the consumption of food be very great the daily 
excretion of urea may reach nearly 4 oz. (100 grammes) or three times 
as much as normal. 

ion.—To obtain urea from human urine it is evaporated 
to one-sixth of its bulk, an excess of nitric acid is added, and it is 
left to stand in a cool place. Impure nitrate of urea separates from 
the fluid as a yellow crystallized precipitate. This insoluble salt 
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is caught on a filter, dried, dissolved in boiling water, mixed with 
animal charcoal to remove the colouring matter, and filtered while 
hot ; when the filtrate cools, colourless crystals of nitrate of urea 
are deposited. The precipitate is dissolved in boiling water, and 
barium carbonate added as long as effervescence takes place, barium 
nitrate and urea being produced. This is evaporated to dryness, 
and the urea extracted with absolute alcohol, which on evaporation 
leaves crystals of pure urea, 

Estimation.— Urea can be estimated volumetrically by the method 
of Liebig, which depends on the power of mercuric uttrate to give 
a precipitate with it. The sulphates and phosphates must be first 
removed by the addition of 40 c.c. of a mixture of 1 volume saturated 
barium nitrate and 2 volumes saturated solution of caustic baryta, 
to an equal volume of urine. This is filtered, and from the filtrate 
an amount corresponding to 10 cc. urine is taken. Into this known 
volume of urine a standard solution of mercuric nitrate (of which 1 c.c. 
corresponds to 1 centigramme of urea) is dropped until a sample drop 
of the fluid, mingled on a watch-glass with a drop of concentrated 
sodium carbonate solution gives a yellow colour, which indicates 
that some free mercuric nitrate remains, For every cubic cen- 
timetre of the standard mercuric solution used, there will be 1 
centigramine of urea in the sample of urine ; a small reduction has 
to be made for the chlorides, which are present in tolerably constant 
amount. 

Another simple method consists in mixing together known quan- 
tities of urine and sodium hypobromite (Na Br QO) with excess of 
caustic soda, The urea is“lecomposed in the presence of this salt, 
and free nitrogen evolved— 


CON, H,+3(NaBrO)-++2(NaOH)=3NaBr+Na,CO,+3H,0-+2N. 


The quantity of urea may be determined by ascertaining the 
volume of nitrogen, which can be measured directly in a graduated 
tube. 

Ure acid, of which the formula is C,H,N,O, or C,H,0,(NH.CN),, 
is present only in extremely small quantities in the normal urine of 
mammalia, but in birds, reptiles, and insects it forms the chief 
ingredient of the renal secretion. It is sparingly soluble in water, 
and insoluble in alcohol and ether. However, in solutions of the 
neutral phosphates and carbonates of the alkalies it combines with 
some of the base, so as to form acid salts, and at the same time con- 
verts the neutral into acid phosphates, to which, as has been already 
stated, the urine owes its acid reaction. These salts are more soluble 
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in warm than in cold water, and hence generally fall as a sediment 
when the urine conla. Uric acid is readily converted into urea by 
oxidation, and is probably one of the steps in the formation of urea 
which commonly occurs in the body duriug the gradual oxidation of 
the proteid bodies. 

The presence of uric acid may be recognised by the murexide test. 
The substance to be tested is gently heated in a flat capsule with 
some nitric acid. A decomposition occurs, N and CO, going off, 
urea and alloxan remaininy as a layer of yellow fluid. If this be 
cautiously evaporated, and a drop of ammonia added, a striking 
purple-red colour is produced, which the addition of potash turns 
blue. 

The amount of uric acid normally follows pretty closely the varia- 
tions in urea, but is usually only about 8 grains (‘5 gramme) per 
diem, In certain diseases the quantity may be much increased. 
For the quantitative estimation, which is seldom decided by the 
practitioner, the student must consult the text-books of physiological 
chemistry. 

Kreatinin (CSH,N,O) is always present in urine, probably being 
formed from kreatin by the loss of one mulecule of water. About 
15 grains (1 gramme) is excreted per diem. 

Xanthin (C,H,N,O,) also occurs in urine, but in extremely small 
quantities, 

Hippurie acid (CoH,NO,) is a normal constituent of human urine, 
occurring, however, in very small quantities. On the other hand, it 
is one of the most important nitrogenous constituent of the urine of 
the herbivora, where it” takes the place ‘Of uric acid. Its presence 
depends on the existence of certain ingredients (benzvic acid, &c.) in 
the food, which are capable of couibauiie with glycin, and forming w 
conjugated acid, a molecule of water being furmed at the same time, 
thus— 

Benzoie Acid. Glycin. Hippuric Acid. Water. 
C,H,0, + C,H,NO, = C,H NO, + II,0. 


The amount of hippuric acid increases with increased consumption 
of vegetable foud, in the celluluse of which the materials exist that 
are required for its formation. It is in the liver that the union 
between the glycin and the benzoic ucid takes place, as is proved by 
the removal of that organ, when benzvic acid injected into the portal 
vein appears unchanged in the urine. 

Uwalic acid (C,H,O,) occurs often but not constantly in the urine. 
It is generally united with lime, It is said to appear in greater 
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quantity, together with an excess of uric acid, after meals, and there- 
fore to be related to the production of the latter in the body ; but 
it probably is chiefly derived from oxdlates being contained in some 
materials taken with the food, 


CotourinG MarrTErs. 

It appears probable that the colour of the urine depends on the 
presence of small quantities of distinct substances which have different 
origins in the body. Threc such have been described, and may be 
taken provisionally to represent our knowledge of the subject :— 

1. Urobilin, which is an outcome of the colouring matter of the 
bile, and therefore a remote derivative of the colouring matter of the 
blood, is frequently present in the urine. It is probably the same as 
hydrobilirubin, some of which is occasionally absorbed from the 
intestinal tract and eliminated by the kidneys, 

2. Urochrom is said to be the special pigment of the urine. It 
oxidises on exposure, forming a reddish substance that gives the 
dark colour to some urinary sediments (Uroerythrin). 

3. A certain material (Indican) capable of producing Indiqo, is 
commonly present in the urine of man, and in greater quantity in 
that of some animals, particularly the horse. It is supposed to be 
formed from the indol that arises from the putrefactive changes con- 
sequent on the pancreatic digestion. The indol is absorbed and 
unites with sulphuric acid to form Indican, which is a yellow sub- 
stance. Under certain conditions it can be converted by oxidation 


into indigo-blue. . : 


TNORGANIC SALTS. 

The urfne is the vreat outlet for all inorganic salts, The most 
important of these are— 

Common salt (NaCl.) of which a very variable, but always consi- 
derable amount passes away in the urine. The averaze quantity 
excreted per diem may be said to be about half on oz. (15 grammes). 
It depends greatly on the quantity taken with the food, and falls 
during starvation, but does not completely disappear. It is said that 
if absolutely no sodium chloride be taken with the food the quantity 
excreted diminishes greatly, and that albumin appears in the urine 
about the third day. The amount of salt eliminated follows, with 
striking accuracy, the changes that take place at different times and 
under different circumstances, in the quantity of urea excreted. 
These facts seem to indicate that there is some relationship between 
the secretion of the two bodies, or that sodium chloride participates 
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in the chemical changes of the nitrogenous tissues. In many diseases 
there occur variations in the quantity of common salt in the urine, 
which can hardly be explained by the change in, or absence of food. 

Phosphates.—A bout 60 grains (3 to 4 grammes) of phosp¥Meric acid is 
excreted. daily in the urine, being combined with alkalies to form 
salts, viz., potassium, sodium, calcium, and magnesium phosphates. 

Sulphates—Nearly 40 grains (2 to 3 grammes) of sulphuric acid, as 
sulphates of alkalies, are daily got rid of in the urine. The a 
comes partly from the food, but chiefly from the oxidation of the 
sulphur contained in the proteids of the tissues. ‘ 

A considerable quantity of potassium, sodium, calcwwm, and magne- 
sium, combined as already mentioned, or with chlorine, is contained 
in the urine. 

Small traces of iron are also always present inthe urine. =f 

Gases.—The urine also contains free CO,, N, and some O. 100 
volumes of gas pumped out of fresh urine have been found to con- 
gist of— 

CO, = 65°40 per cent. 
N =31°86_,, 
Q = 274 =, 


ABNORMAL CONSTITUENTS. 

Different kinds of substances occur in urine under circumstances 
of special physiological interest, and therefore may be here enume- 
rated, although their accurate study belongs rather to pathology. 
First amongst these to he named is,— 

Albumin, which occurs from (1) any great increase in the blood- 
pressure in the renal vessels, whether caused by increased inflow or 
impeded outflow. (2.) Excess of albumin in the blood, and, strange 
to say, some forms of allumin escape much more readily than 
others. Thus, egg albumin, globulin or peptone, if introduced arti- 
ficially into the blood, are soon found in the urine. (3.) A watery 
condition of the blood, such as would give rise to edema elsewhere. 
(4.) Total abstinence from NaCl. for some time. (5). Extensive 
destruction of the epithelium of the urinary tubes. 

Next in importance to albumin are the following :— 

Grape sugar ; of which normally only the imerest trace occurs in 
the urine although there is always a certain quantity in the blood. 
It is present in larze quantities in (1) the disease known as diabetes, 
when a great quantity of pale urine with a very high specific gravity 
is passed. (2.) After injury of a certain part of the floor of the 4th 
ventricle of the brain. (3.) After poisoning by curara, carbonic oxide, 
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and nitrate of amyl. In short any disturbance of the circulation of 
the liver gives rise to an increase of sugar in the blood, and when 
the amount reaches 6 per cent. it appears in the urine. 

Bile Aciée and Pigments appear in the urine when, from occlusion 
of the bile ducts, they find their way into the blood. 

Leucin and Tyrosin also occur in the urine, but only after profound 
interference with the function of the liver. 

The urine undergoes important changes after being voided, the 
explanation of which is of much interest to the practitioner, and 
must be erstood by the student of medicine. (1.) Com- 
monly enough the urine loses its transparency as soun as it gets cold, 
though perfectly clear when passed, or when again heated to the 
bedy-temperature, for the urates are soluble in warm but almost in- 
solute in cold water. ‘This “ muddiness,” which soon settles down, 
as a more or less brightly coloured sediment, is chiefly caused by the 
precipitation of acid sodium urate, stained with a colouring matter 
derived from the urochrome. When this occurs the urine will 
always be found to be distinctly acid, and if it be left standing for 
some time in a cool place, the acidity will be found to increase, owing 
to the presence of a peculiar fungus which scts up acid fermentation. 
This is said to depend on the formation of lactic and acetic acids, 
and crystals of uric acid, amorphous sodium ‘urate, and crystals of 
lime oxalate are deposited. 

After a certain time (which is shorter when the urine is not very 
acid and is exposed to a warm atmosphere) the development of bacteria 
occurs in it, and causes the urea to unite with water, and to change 
in the manner already mentioned (p. 330) into ammonium carbo- 
nate. This gradually neutralises the acidity, and finally renders 
the urine alkaline. At the same time an amorphous precipitate of 
lime phosphate appears, and crystals of ammonio-maynesium phos- 
phate and of ammonium urate are produced. 


Urinary CALCULI 


Various ingredients of the urine, which are difficult of solution 
sometimes become massed together as concretions, particularly if 
there exist any small foreign body in the bladder, which, by acting 
as a nucleus lays the foundation of a stone. Sometimes small con- 
cretions are formed in the tubes or pelvic recesses of the kidney, 
and, when these make their way into the bladder, they commonly 
grow larger and larger, The structure and composition of a cal- 
culus often gives the history of its own transit from the kidney, 
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and also of various changes in the metabolism of the indivi- 
dual, for successive layers of different substances are generally 
found in a stone that has attained any great size. The chief 
roeterials found in calculi are—uric acid, ammonium urate, calcium 
oxalate and carbonate, ammonio-magnesium phosphate, &c. 


j 
Source oF Urea, &c. 


« The question as to whether the chief materials of the urine pre- 
exist in the blood and are therefore merely removed by the kidney, 
or are manufactured by the special powers of the renal cells, has 
been widely discussed, and though the great weight of evidence 
is in favour of the former view, some of the experimental results on 
the subject are rather conflicting. 

The following are the more important points in the argument :— 

1. The blood does normally contain most of the important sub- 
stances found in the urine; so they need not necessarily be made 
in the kidney. 

2. The blood in the vessel leading to the kidney—the renal 
artery—is said to contain more urea than the vessel leading from it 
the renal vein—so that the blood appears to lose urea in passing 
through the kidney. 

3. If the ureters be tied and the elimination be thus prevented, 
urea accumulates in the blood. This can hardly be made by the 
kidney, because— 

4, If the renal arteries be tied so that no blood goes tv the kidneys 
to effect the elaboration, of urea in those organs, then the same accu- 
mulation results, showing that the kidneys are certainly not the only 
organs where urea is mace. 

5. Extirpation of the kidneys also gives rise to a great increase of 
the urea in the blood. The amount of urea in the blood after 
nephrotomy is said to increase steadily with the time which elapses 
after the operation, and the amount accumulated corresponds to 
the amount that would normally have been excreted in the same 
tite, had the animal not been operated upon. 

6, Lastly. In some diseases which greatly interfere with, or quite 
suppress the secretion of the kidneys, an accumulation in the blood 
of certain poisonous or injurious materials takes place, and gives 
rise to the gravest symptoms called uremic poisoning, which closely 
coincide with those observed in experimental annihilation of the renal 
function. 

From the foregoing it would appear to be satisfactorily settled 
that the urea, which is by far the most important ingredient 
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of the secretion of the kidney, is probably made elsewhere and not 
in that organ, whose duty seems to be chiefly to remove it from 
the blood. This is most probably also true of all the other organic 
constituents of the urine. The question then arises :—Where is the 
urea formed ? 

We naturally turn for an answer to the most wide-spread and most 
actively changing nitrogenous tissue, namely muscle. Here, however, 
we find no response, for neither does muscle contain much urea, nor 
does any very active muscular work perceptibly increase the general 
urea elimination. In muscle, however, a material closely allied to 
and readily convertible into urca, namely kreatin, occurs, and it has 
been suggested that this substance is changed into urea in the 
kidney. This cannot explain the origin of all the urea which ap- 
pears in the urine, for, as already remarked, the urea excretion does 
not correspond with the muscle metabolism. 

Without for one moment doubting that some, probably a consider- 
able quantity of urea comes tron: muscle, which forms so large a part 
of our bodies, we conclude that there must be and assuredly are 
many other sources of urea, as there are many other parta or organs 
where nitrogenous textures are undergoing chemical changes and 
gradual waste. 

One source of urea—the liver, is specially woithy of note, since 
it helps to explain the striking relation between the amount of 
albuminous food and the quantity of uren eliminated, thg latter fol- 
lowing immediately and running parallel with the former. There 
can be no doubt that most people consume njuch more albuminous 
food than is necessary for the adequate nutrition and preservation of 
the nitrogenous tissues, and therefore must have a swplus of nitro- 
genous material in their bodies. It may be remembered, as was 
pointed out in the chapter on digestion, that in all parts of the 
alimentary tract there is a limit to the absorption of peptones, and 
that in the small intestine when delay in absorption occurs the decom- 
position of peptones results, because in prolonged pancreatic diges- 
tion these peptones are changed into leucin (C,H,,NO,) and tyrosin 
(C,H,,NO,) and as such pass into the portal circulation to be borne 
tothe liver. In the liver it is highly probable that these bodies are 
converted into urea, for, when they are introduced into the intes- 
tinal tract, they are absorbed and an excess of urea appears in the 
urine. Thus the excessive part of the proteid food, before it really 
enters the system, is broken up in the intestine into hodies which, 
notwithstanding the chemical difficulty of explaining the process, 
may be regarded as a step towards the formation of urca. 


338 MANUAL OF PHYSIOLOGY, 


Nervous MecHANISM OF THE URINARY SECRETION. 


With regard to the influence exerted by the nervous system on the 
renal secretion, we have but little satisfactory information, although 
therp.can be no doubt that here, as in other glands, the process is 
undetthe control of the nerves. Many of the circumstances which 
wause gteater activity of secretion, such as taking large quantities of 
water, &c., have no effect on the general blood pressure, so that, if the 
increased flow be brought about by the vaso-motor mechanisms, it 
must be by means of nervous channels altering the blood flow in the 
special arteries of the glands, We know further that emotional con- 
ditions, such as hysteria, exist in which an unaccountubly great 
quantity of urine of very low specific gravity is evacuated, 

With regard to the effects of the vaso-motor nerves, we know that 
section of all the nervous twigs going to the kidneys causes great con- 
gestion and an immense increase in the secretion, which commonly 
contains albumin. This no doubt depends on the sudden rise in 
pressure in the glomeruli, owing to the dilatation of the arterioles, If 
the splanchnics, in which the renal vaso-motor nerves run, be cut, 0 
great quantity of urine is produced from the same cause—vaso- 
motor paralysis—but, on account of the large area of vessels in- 
jured, the general blood pressure falls, and therefore the effect is 
not so much marked. Ifthe peripheral end of the cut nerves be 
stimulated, the secretion is diminished, and, owing to spasm of the 
renal arterioles and full of blood pressure . in the glomerular capillaries, 

may be brought to a standstill. Section' of the spinal cord at the 7th 
cervical vertebra stops the flow, because it so reduces the generul 
blood pressure that the pressure in the renal vessels falls below that 
necessary for the filtration of the urine, 


PASSAGE OF THE URINE TO THE BLADDER. 


The pressure exerted by the Llood in the glomerular capillaries is 
quite sufficient tu make the urine flow from the pelvis of the kidneys 
into the bladder, because when the ureters are tied they become dis- 
tended above the Jigature by the urine flowing from the pelvis, 
where a pressure may be produced of sume forty millimetres of Hg., 
at which pressure the secretion stops and becomes somewhat changed 
in chemical composition (kreatin appearing in greater quantity). 

Normally, however, the passage of the urine along the ureters is 
accomplished by the peristaltic motion of the ducts, which goes on 
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alternately in the two ureters, so that the urine flows into the bladder 
at different periods from the right and left kidney. 

The ureters have a strong middle coat of smooth muscle along 
which a wave of contraction, lasting about one-third of a second, passes 
rhythmically in about 6 to 10 seconds from the pelvis of the kidney 
to the bladder. 

Having reached the bladder, the urine cannot return into the 
ureters on account of the oblique way in which these. dacte pass 
through the walls of the bladder. When the pressure in the bladder 
increases, the opening of the ducts becomes closed and acts as a kind 
of valve. 

The urine, which is continuously secreted and rhythmically con- 
veyed to the bladder, is only voided at convenient seasons ; therefore 
special arrangements exist for its retention and expulsion. 

The retention of urine in the bladder up to a certain point 
depends on the elasticity of the parts concerned, the dense elastic 
tissues around its outlet being able to resist the elastic force exerted 
by the viscera and the walls of the bladder uponits contents, Thus 
where no active muscular forces can possibly come into play, as in the 
case of the dead subject, or in complete paralysis following destruction 
of the spinal cord, a considerable amount of urine is retained. But 
when a certain pressure is attained by the gradual accumulation of 
urine within the bladder, the elasticity of the sphincter and the other 
tissues around the outlet is overcome by the elasticity of the bladder 
wall, and the urine slowly dribbles away. 

In the normal condition there are two sets gf muscular mechanisms 
which aid the elastic forces just named. 

They may be regarded as antagonistic—the one, the sphincter 
muscle, by contracting, strengthens the elastic power of the tissues 
around the urethra which retains the urine ; the other formed by the 
muscle-coat of the bladder, called the detrusor urine, as we shall sev 
presently, is the chief ayent in actively expelling the urine. When 
these muscles are in good working order, much more urine can be con- 
veniently retained than the elasticity of the tissues about the urethra 
would permit of. If the spinal cord be destroyed the bladder can 
only retain about } the quantity of urine it conveniently holds when 
the cord is intact. We must, then, suppose that the sphincter muscle 
acts more powerfully when the elastic forces are equalized. The accu- 
mulation of urine after a certain time gives the sensation known as a 
fall bladder, but this feeling is not necessarily accompanied by any 
immediate call to make water, though it soon produces a desire in that. 
direction. We suppose, then, that the stimulus given to the sensory 
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nerves by filling the bladder causes reflexly a constriction of the 

sphincter muscle, so that, in proportion as the pressure within the 

bladder increases, the resistance to its outflow is also augmented. 

This does not imply any automatic action of the sphincter vesice, 

but merely a constant reflex excitation of that muscle, which secures 

its contraction and the retention of a considerable amount of urine 
the intervention of voluntary influences or attention. 

Micturition, or the expulsion of the urine, does not normally ever 
depend on elastic forces alone, as in the case mentioned of paralytic 
incontinence, when the urine commences to dribble away as soon asa 
certain pressure is attained within the bladder. 

When the bladder is full, the elastic forces tending to expel its 
contents increase, and, as we have scen, the resistance is proportion- 
ately augmented. Under ordinary circumstances, then, there is a 
combat going on between the expelling and retaining powers (neither 
the muscle in the wall of the bladder nor voluntary effort, however, 
coming into action), in which the retaining forces are just able to 
overcome the expelling elastic pressure. If the urine be retained for 
a considerable time, a moment arrives when the reflex stimulation of 
the sphincter no longer suffices to keep back the fiuid, and the 
voluntary contraction of the neighbouring muscles has to be called to 
the aid of the sphincter. Under these circumstances, if a drop of 
urine make its way into the sensitive urethra matters are yreatly 
altered. Now, even voluntary effort does not suffice to keep back the 
stream, and an imperative call is made upon the local mechanisms 
to empty the bladdey This is accomplished by the contrac- 
tion of the muscular coat of the bladder, which ia excited reflexly 
by the stimulus starting from the mucous membrane ljning the 
urethra, The evacuation of the bladder is then accomplished quite 
independently of the will by a reflex act, which may even be un- 
conscious. 

When the urine once commences to flow it continues until the 
bladder is quite empty, the last drops of urine being expelled from 
the urethra by rhythmical spasms of the muscles around the bulbous 
portion of that canal. The sequence of events will then be—stimula- 
tion of the mucous membrane of the urethra by escape of urine, 
contraction of the detrusor urine; relaxation of the sphincter ; 
rhythmical contraction of the ejaculator urine and finally a volun- 
tary twitch of the levator ani and neighbouring muscles, 

This sequence of events may go on in sleep, as a result of slight 
loeal excitations, frequently in children, when probably the sphine- 
ter is more readily fatigued. 
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Under ordinarily favourable circumstances, however, we micturate 
voluntarily, and the bladder is never allowed to become so over-dis- 


tended that the reflex contraction of the 
sphincter is insufficient to retain the urine. 
Almost at any time we can call forth the 
reflex act just described by increasing the 
pressure on the bladder by voluntary con- 
traction of the abdominal muscles; the 
diaphraym being depressed and fixed, the 
muscles of expiration are put into action, 
and the contraction of the sphincter 
muscle being at the same time probably 
checked by the will, the power of retention 
18 overcome, 

The moment the balance of power is thus 
turned in favour of the expelling agencics 
and a drop of urine reaches the urethra, 
the excitation thus produced brings about 
the complete evacuation of the bladder 
without further voluntary effort. 

The nervous mechanism that controls 
the act of micturition consists essentially 
of ganglionic centres which are situated in 
the lumbar enlargement of the spinal cord, 
and of two sets of nerve channels passing 
toand from this centre. The centres may 
be said to be composed of functionally 
distinct pgrts—a retaining and evacuating 
part. The retaining centre causes the 
sphincter muscle to contract. The evacu- 
ating centre can excite the detrusor to 
action while the sphincter is relaxed by 
the inhibition of its exciting centre. One 
set of nerve channels communicates be- 
tween these centres and the urinary organs, 
and the other between the cor] centres 
and the cerebral hemispheres. That which 
connects the special lumbar centres with 
the bladder, contains motor (efferent) fibres 
of two kinds, going to the antagonistic 
muscles, the sphincter vesiciz, and the 
detrusor uring respectively, and sensory 





Fig. 176.— Diagram of the 


Nervous Mechanism of 
Micturition. 


B. Bladder. 
e «. Abdominal muscles. 
c. Cerebral centres. 
n. Represents impulses which 


pass from the bladder to 
the centre in the spinal 
cord, whence tonic im- 
pulses are reflected and 
pass along T to sphincter, 
which retains the urine. 


When the bladder is dis- 


tended, impulses pass to 
the brain by 1, and when 
we trill, the tonus of the 
spinal centre stimulating 
the sphincter is checked, 
and the abdominal mus- 
cles are made by 2 to 
force some urine into 
neck of bladder, whence 
impulses pass by 8 to in- 
hibit the sphincter centre 
and excite the detrusor 
though 4. 
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(afferent) fibres of different kinds; those going from the bladder to 
the nerve cells in the cord which stimulate them and cause the 
sphincter to remain tonically contracted, and passing from the 
mucous membrane of the urinary passages to these ganglionic cells 
in the cord are two sets; one of which excites the contractions of 
the detrusor urinw and the other inhibits the tonic action of the 
retaining centre. 

Whe action of the ganglionic cells that stimulate the sphincter 
nuscle can to a certain extent be either aided or checked by means 
of cerebral influences, so that two kinds of fibres—a stimulating and 
an inhibitory one—must pass from the hemispheres to the micturat- 
ing centre in the cord. 

Those cells which govern the motions of the detrusor seem to be 
least under voluntary control, and are probably only stimulated to 
action under normal circumstances by the impulses arising from the 
urinary passages, and hence are simply reflex centres. 

The effect of certain emotions on the act of micturition seems to 
show that those ganglion cells in the cord which cause the bladder to 
contract are connected with the higher centres, Thus, extreme 
terror (in a dog at least) often causes a forcible expulsion of urine, 
and great anxiety or impatience seems in man often to have a check- 

‘Ing influence, causing great delay in initiating micturition. 


CHAPTER XXIII. 


NUTRITION. 


WE can now compare the incomings and outgoings of the economy, 
and should now be in a position to see what light can be thrown by 
this comparison upon the actual changes which take place in the 
textures of the body. 

We have seen that the income is made up of substances belonging 
to the same groups of materials as are found in the body, viz, 
albumins, fats, carbo-hydrates, salts, and water, introduced by the 
alimentary canal, and oxygen, which is admitted by the respiratory 
apparatus; whilst the outgoings consist of urea from the kidneys, 
carbonic acid from the lungs, certain excrement from the intestine 
and other mucous passages, sweat, sebaceous secretion, epidermal 
scales, from the skin ; together with a quantity of water from all 
these ways of exit. The milk, ova, and semen, may be here omitted, 
being regarded as exceptional losses. 

In order that the body may be kept in its normal condition, it 
is necessary, that the incoye should at leagt be equal to the out- 
yoings of ill kinds, and, except where vrowth is going on rapidly, an 
income equal to the expenditure ought not only to suffice, but be the 
most satisfactory amount of supply for the economy. 

We know that animals can live for some considerable time with- 
out food, in which case, though there be no income, 8 certain 
expenciture is necessary tu sustain life, and therefore the outgoings 
continue. We ought thus to be able to arrive in a very simple 
manner at the minimal expenditure necessary for the sustentation of 
the body. We shall find, however, that (1) an income equal to this 
minimal expenditure (starvation) does not at all suffice to keep up 
the body-weight, and that (2) a considerable margin over and above 
this minimum is necessary in order to establish the nutritive equi- 
librium ; (3) further, that the proportion of material eliminated and 
stored up in the body respectively varies as the income is increased ; 
(4) and finally, that the quality of the fool—ze., the proportion of 
each group of food-stuff present in the diet—has an important influ. 
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ence on the quantity required to establish the equilibrium, or that 
best suited to cause increase of weight or to fatten. 

It will be convenient to consider the following different cases in 
succession : 

1. No income, except oxygen, 4.¢., starvation. 

2, An income only equal to the expenditure found during star- 
vation, 

3. Perfect establishment of nutritive equilibrium. 

4, Excessive consumption. 


TisstE CHANGES. 


As is well known, a deprivation of oxygen—by the respiratory 
function being stopped—almost immediately puts an end to the tissue 
changes necessary for life, so that the oxygen-income cannot be in- 
terfered with without instant death ensuing. Moreover, it has been 
found that a smal] supply of water make» the investigation of the 
Various tissue changes more reliable, by facilitating them and pro- 
longing life. We, therefore, commonly speak of a total abstinence 
from solids as starvation. 

When deprived of food, those tissues upon whose activity life 
depends must feed upon the materials stored up in some part of the 
system. The first question~ to discuss are how much the body loses 
daily in weight during the time that it is thus feeding on itself, and 
how far the different ipdividual tissues contribute to this loss. 

The general loss of weight is directly estimated by weighing the 
animal, and the loss of the individual tissues is calculated by a 
carefal analysis of the various excreta, by which the exact amount of 
nitrogen, carbonic acil, &c., are ascertained: the nitrogen coric- 
sponds to the loss of muscle; and the carbon (after excluding that 
portion which is the outcome of muscle change, which may be calcu- 
lated from the nitrogen) corresponis tu the fats oxidised. 

It has been found that a starving animal loses weight at first 
rapidly, and subsequently more slowly ; and the reason for this 
difference is that during the first three or four days the benefit of the 
food last eaten continues, and the waste materials are eliminated in 
proportionately large quantity. When the influence of the food 
taken prior to the commencement of starvation has ceased, the 
daily amount of materials eliminated remains nearly constant, and the 
body-weight diminishes slowly until the animal's death. 

Adult animals commonly live until they have lust about half of 
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their normal body-weight. Young animals die when they have lost 
about 20 per cent. of their weight. 

Roughly speaking, we may take the body of a man to be made up 
of the following proportions of the more important textures :— 


Muscles . . .  . 4&0 per cent. 
Skin and fat . : . . B +, 
Viscera . ‘ P . 1 - 
Skeleton ; ; . . BB Ps 


Seeing that the muscle tissue contributes such a large proportion 
to the body-weight, we cannot be surprised that in starvation the 
greatest absolute loss occurs in this tissue ; except in the case of ex- 
cessively fat animals. Next comes adipose tissue, which almost 
entirely disappears, the absolute loss from it varying in proportion to 
the fatness of the animal at the beginning of the investigation. The 
spleen and liver lose more than half their weight, and the amount 
of blood is greatly reduced. The smallness of the loss that occurs 
in the great nervous centres is very striking. They seem to feed on 
the other tissues. 

The following table gives the approximate per centage of loss which 
takes place in each individual tissue during starvation :— 


Fat. . : . 97:0 per cent. 
Muscle : : . . 302 s 
Liver. . : . 56°6 - 
Spleen : : .. 1, 
Blood 2% ; . 178, 
Nerve centre. . eta AOE 


” 


® 

With regard to the portals by which the various materials make 
their escape, it has been found that practically all the nitrogen passes 
off with the urine, and about nine-tenths of the carbon escapes by the 
lungs as CO,, the remaining one-tenth passing off by the intestine 
and kidneys. Three-fourths of the water is found in the urine, and 
one-fourth goes off from the skin and lungs. 

The following table shows the items of the general loss, and the 
amount per cent. which passes out by the chief channels of exit :-— 
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As the loss of weight of an animal’s body during starvation is at 
first rapid and then more gradual, so also the amount of material 
eliminated is found to diminish much more slowly after the first few 
days. This is well seen from the nitrogenous elimination. For the 
first four days the fall in the amount of urea excreted is very rapid, 
it then decreases almost constantly until the death of the animal, 
only slightly decreasing in proportion as the animal slowly decreases 
in weight. This has led to the conclusion that the amount of nitro- 
wenous material eliminated during ordinary circumstances with a full 
diet comes partly from used-up nitrogenous tissues, and partly from 
nitrogenous materials which have never really entered into the com- 
position of the tissues, but rather are present as surplus or floating 
nitrogenous pabulum. Hence, two kinda of proteid are supposed to 
exist in the body, viz., (1) that forming part of the tissues, and (2) that 
circulating as a ready supply for the nutritive demands of the tissues. 


In the second case mentioned, namely, where an amount of food is 
supplied which is just equal to the expenditure which was found to 
take place during starvation, one might suppose that the dict, though 
minimal, would yet suffice to preserve the normal body-weight. 
However, practice shows this to be far from what actually occurs. 

An animal fed on diet equal in quantity to the outgoings dwing 
starvation continues to lose weight, and the quantity of nitrogenous 
substance eliminated (urea) is greatly in excess of the low standard 
found during complete abstinence from food. From this it would 
appear that even when supplied with an amount of nitrogenous 
material equal to that drawn from the fissues during starvation, an 
animal still takes a further supply from its own textures. Thus the 
body subsists on the scanty allowance of nutriment it borfows from 
the tissues during starvation, only so lony as there is absolutely no 
food income, and the moment any fuvod is supplied an increased ex- 
peuditure is set up, the income is exceeded, and a deficit occurs which 
is best seen in the nitrogen balance. 

It follows, then, that feeding an animal on an amount of food-stuffs 
exactly corresponding to the quantity of nutriment abstracted from its 
own textures during total alstinence is only a slower form of starvation. 

With regard to nitrogenous substances, it has been proved that 
nearly three times as much ax the amount eliminated during starva- 
tion is required to establish an equilibrium between the income and 
expenditure of those special snbstances, and that any less than this 
Jeads to a distinct nitrogenous deficit. 


The third case mentioned in a previous paragraph (viz. in which 
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the nutritive equilibrium is exactly maintained, so that the body- 
weight remains unaltered, the gain and loss being equal) is the most 
important one for us to determine, since its final settlement would 
enable us to fix the most heneficial standard of diet. Unfortunately, 
this case is also the most difficult upon which to come to a satisfactory 
conclusion, for the following reasons : 

1. The elaborate nature of the conditions imposed during the expe- 
riment makes it difficult to carry on the investigation with scientific 
accuracy. 

2, Even when the amounts of gain and lows exactly correspond we 
cannot say that we have the best dietary ; because some of the 
income may be quite useless, and pass through the economy without 
having any function to perform in it, and yet appear in the output 80 
us to give an accurate balance. 

3. We have just seen that the relative amounts of outgoings and 
of material laid by as store are altered and regulated by the quantity 
of income. And we find that the quality of the income, i¢., the 
relative proportions of the various food-stutts, has a material influence 
on the quantities of material laid by and eliminated respectively. 
We must, therefore, consider the cfticacy of each of the groups of the 
food-stuffs when employed alone and mixed in different proportions. 

4. Different animals seem to have different powers of assimilation ; 
and under various circumstances the reyuirements and assimilative 
power of the same animal may vary. 

An animal fed upon a purely meat diet requires a great amount of 
it to sustain its body-weight. It has beey found that from ¥ 
to 3 of the body-weight in lean meat daily is necessary to keep an 
animal aliye without either losing or yaining weight. If more than 
this amount be supplied the animal increases in weight, and as its 
weight increases a greater amount of meat is required to keep it up 
to the new standard. So that to produce a progressive increase of 
weight with a purely meat diet, it is necessary to keep on increasing 
the quantity of meat given. The reason of this is found in the fact 
that albuminous diet causes an increase in the chanyes occurring 
in the nitrogenous tissues. 

If an animal which is in extremely poor condition be given an ad 
libitum supply of lean meat, only a limited portion of the albuminous 
substance is retained in the tissues, By far the larger proportion of 
the nitrogenous food is found given off and is represented in the urine 
by urea, and a comparatively small proportion is stored up. If this 
jarge supply of meat dict be continued for some time, less and less of 
the albuminous material is stored, more and more being eliminated 
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as uréa, until finally the urea excreted just corresponds to the albu- 
minous materials in the ingesta. When only meat is given, it must 
be supplied in large quantities to maintain the balanceof nitrogenous 
income and expenditure which is spoken of as nitrogenous equili- 
brium. Upon the occurrence of a change in the amount of nitro- 
genous ingesta, this nitrogenous equilibrium varies, and it takes 
some time to become re-established, because a decrease in the meat 
diet is accompanied by a decrease in the weight of the animal, and 
an increase causes it to put on flesh. For each new body-weight 
there is a new nitrogenous equilibrium, which is only attained after 
the disturbed relation between the nitrogenous ingesta and excreta 
has been re-adjusted. 

The increase of weight which follows a liberal meat diet depends 
in a great measure on fat being stored up in the body. Much more 
of this material is made than could come from the fat taken with the 
meat ; hence, we must conclude that it is made from the albuminous 
parts of the meat. 

The effect of a diet without any albuminous food is that the animal 
dies of starvation nearly as soon as if deprived of all forms of food, 
with the exception that the weight of the body is much less reduced 
at the time of death. 

The addition of fats and sugars to meat diet allows a consider- 
able reduction to be made in the supply of meat, and both the body- 
weight and nitrogenous tissue change can be kept in equilibrium on 
a smaller amount of food. It has been estimated that the nitrogenous 
tissue change is reduced 7 per cent. by the addition of fat, and 10 per 
cent. by the addition of varbuhydrate food to the meat diet ; therefore 
less meat is wanted to make up nitrogenous tissues. Eurther, fats 
and sugars, which obviously cannot of themselves form an adeyuate 
diet, since they contain no nitrogen, seem to have the power of 
accomplishing some end in the eeonomy which, in their absence, 
requires a considerable expenditure of nitrogenous materials to bring 
about. Fats and sugars, then, supply to the body readily oxidisable 
materials, and thus shield the albuminous tissues from oxidation, as 
well as reduce absolutely the nitrogenous metabolism. 

It would further appear from the experience gained from the stall- 
feeding of animals that a goud supply of carbohydrates, together with 
a limited quantity of nitrogenous food, is admirably adapted to pro- 
duce fat. Since much more fat has been found to be produced in 
pigs than could be accounted for by the ulbuminous and fatty con- 
stituents of their diet, we must suppose that from their carbohy- 
drate food fat can be manufactured in their body. 
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Much of the difficulty found in reconciling the opinions of different 
authors upon this point can be removed, and a general idea of the 
manufacture of fats from various food-stuffs can be gained, by bear- 
ing in mind the assimilative and secretive functions of the proto- 
plasm. There can be no doubt whatever that the active protoplasm 
of many parts and organs if properly nourished can manufacture 
fat. As examples, we may take the liver and mammary cells, and 
those connective tissue cells which have no great nutritive duty to 
attend to. This fat production by the protoplasm may be regarded as 
a secretion of fat, though only in one of the examples given does it 
appear externally as a definite secretion—milk. We cannot scrutinise 
the chemical methods by which this change is brought about in proto- 
plasm, any more than those which give rise to any other secretion. 
We know that protoplasm uses as pabulum, albumin, fat, and carbo- 
hydrate, and we have no reason to doubt that the proportion of these 
materials found to form the most nutritious diet for the body gene- 
rally, is also the proportion in which protoplasm can best make use 
of them. Probably such cells as part with a material containing 
nitrogen—such as mucin-yielding gland cells—require a greater pro- 
portion of pabulum containing nitrogen (albumin) for their perfect 
function. Probably those cells which produce a large quantity of 
non-nitrogenous material do not require more nitrogen than is neces- 
sary for their perfect re-integration as nitrogenous bodies. But for 
their active function, 1.¢., the manufacture of their secretion, they only 
require a pabulun which contains the same chemical elements as are 
to be found in the output. In the case of ,fut-formation, then, a 
supply of fat or carbohydrate ought to sutlice if accompanied by a 
small amount of albwininous substance. If these non-nitrogenous 
substances be withheld, the protoplasm can no doubt obtain the 
quantity of carbon, hydrogen, and oxygen requisite to manufacture fat 
from albumin, and thus a large amount of nitrogen will be wasted. 

There is nothing in the foregoing statement that is not in accord 
with the results of practice and experiment. 

Fat cannot be produced without nitrogen in the diet, because the 
fat-manufacturing protoplasm cannot live without nitrogen, which is 
absolutely necessary for its own assimilative re-integration. A good 
supply of nitrogenous food aids in fattening, since it gives vigour to 
all the protoplasmic metabolisma, and among them fat-formation. 

The albuminoid substance gelatine, which is an important item in 
the food we ordinarily make use of, is able to effect a saving in the 
albuminous food-stuffs. Although it contains a sufficiently lange 
proportion of nitrogen, it cannot satisfactorily replace albumin in the 
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food. Indeed, in spite of the great similarity in its chemical compo- 
sition to albuminous bodies, it is hardly a better substitute for pro- 
teids than fat or carbo-hydrate ; and, although an animal uses up less 
of its tissue nitrogen on a diet of gelatine and fat than when it is fed on 
fat alone, it soon dies, as if its diet contained no nitrogenous substance. 


The last case we have to consider is that in which the supply of 
food-material is in excess of the requirements of the economy, This 
ia certainly the commonest case in man. 

Much of the surplus food never really enters the system but is 
conveyed away with the feeces. 

In speaking of pancreatic digestion, reference has been made to the 
possible destiny of excess of nitrogenous food. In the intestine, 
some of it is decomposed into leucin and tyrosin, which are ab- 
sorbed into the intestinal blood-vessels. In the body these sub- 
stances undergo further changes, which probably take place in the 
liver. Asa result of the absorption of leucin, a larger quantity of 
urea appears in the urine, and hence the leucin furmed in the intes- 
tine by prolonged pancreatic digestion, is a source of urea. (See 
pp. 125, 337.) This view is supported by the almost immediate 
increase in the quantity of urea eliminated when albuminous food 
is taken in large quantity. 

From the fact that a considerable amount of fat may be stored up 
by an animal supplied with a liberal diet of lean meat, we must con- 
clude that part at least of the surplus albumin goes to form fat, It 
has been suggested thet after sufficient albumin has been absorbed 
for the nutritive requirements of the nitrogenous tissues, the rest is 
split up into two parts, one of which is immediately prepared for 
elimination as urea by the liver, and the other undergoes changes, 
probably in the same organ, which result in its being converted into fat. 

It would further seem probable, from the manner in which the 
urea excretion changes during starvation, that, as before mentioned, 
the absorbed albumin exists in the economy in two forms: one in 
which it has been actually assimilated by the nitrogenous tissues and 
forms part of them, and hence is called organ-albumin ; the other, 
which is merely in solution in the fluids of the body, being in stock, 
but not yet absolutely assimilated, and hence called circulating albu- 
min. The latter passes away during the first few days of starvation, 
being probably broken up to form urea, and a material which serves 
the turn of non-nitrogenous food. The organ-albumin only appears 
to be used for the formation of urea after the acu albunin 


has completely disappeared. 
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From the foregoing it will be gathered that we cannot say what 
are the exact destinies of the various food-stuffs in the body, Proteids 
are not exclusively utilised in the re-integration of proteid tissues, as 
ai excess gives rise to a deposit of fat. Carbohydrates are not turned 
into glycogen in the tissues simply to replace the carbohydrates used, 
but as will be shown when speaking of muscle metabolism, they are 
intimately related to the chemical changes which take place during 
the activity of that tissue. If fats are chiefly devoted to the restitu- 
tion of the fat of the body, they certainly are not the only kind of 
food from which fat can be made. 

We may say, then, that all food-stuffs are destined to feed the living 
protoplasm, whether it be in the form of vland cells, the cells of the 
connective tissues, or muscle-plasma, so that all the food-stuffs that 
are really assimilated contribute to the maintenance of protoplasm 
and subserve to its various functions. Besides nourishiny itself and 
keeping itself up to a certain standard composition, protoplasm, 
or rather the various protoplasmata, can make the various chemical 
inaterials we find in the body. Some produce fat, some animal starch 
(zlycoven), and others manufacture the various substances we find in 
th. secretions ; while )et another group is devoted to setting free and 
utilising the energy of the various chemical associations. 

But all the food we eat is not assimilated ; indeed, the destiny of the 
numerous ingredients of our complex dietaries is not easily traced, 
Of food-stuffs proper the following classification may be made, 
showing that even the same stuff may meet with a different fate 
under different circumstances— R 
1. Stuffs which never enter the economy (faces). 

2. Materials absorbed and arriving at the blood are at once 
carried to ceitain portals of excretion (excess of salts). 

3. Substances which are broken up in the intestine to facilitate 
their elimination (excess of proteid). 

4, Substances absorbed and carried along by the fluids, but not 
really united to the tissues (circulating albumin). 

5. Materials which after their absorption are really assimilated 
by the protoplasm of the tissues (x certain amount of all 
fuod-stufis). 

6. Substances which, after their assimilation by the protoplasm, 
re-appear in their original form, and are stored up (fats). 


The question of the exact amounts and materials required to form 
the most economic and wholesome dietary is one of too great practical 
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importance to receive adequate attention in this manual. As a 
rule ten, like cther an partake of food largely in excess of 
their physiological requirements when they can get it. This may be 
seen by contrasting one’s own daily food with the amount which has 
been found to be adequate in the case of individuals who have not 
the opportunity of regulating their own supplies of comestibles. 

An adult man should be well nourished if he be supplied with the 
following daily diet :— 


Albuminous foods . 100 grms. or 3°5 ozs. 
Fats. : = 90 , », sl, 
Starch & ws -s: BOO) gf 5.40 
Salts . . .. 30 , 4, 10, 
Water. sO . 2800 , ,, 5 pints 


As a matter of fact, many persons do thrive on a much less 
quantity of proteid than that given in this table, but in their case 
the fate and starches should be proportionately increased. 

Such a dietary could be obtained from many comestibles alone, 
and hence the taste of the individual may be exercised in selecting 
his food without much departing from such a standard. Individual 
taste commonly selects foods with too much proteid—z.e., an excess 
of nitrogen—whilst the cheapness of vegetable products dictates their 
use in greater abundance as food. 

Compare Chap. V., p. 68, where the quantity of the different 
food-stuffs in some of our common articles of diet is given. 


CHAPTER XXIV. 
ANIMAL HEAT. 


Part of the work done or energy set free by the chemical changes 
in the animal tissues appears as heat which is devoted to keeping the 
body warm ; for the bodies of most aninuals are considerably warmer 
than their surroundings. Warm-blooded animals are those which 
habitually preserve an even temperature independent of the changes 
which take place in that of the medium in which they live; and, as 
the term warm-blooded implies, tleir temperature is as a rule higher 
than the surrounding air or water. Cold-blooded animals on the 
other hand are those whose temperature is considerably affected by, 
or more or less closely follows, that of the medium surrounding them. 

The blood of all mammalia has pretty much the same temperature 
as that of man, about 37°5° C., and probably varies under similar 
circunstances, But birds, the other class of warm-blooded animals, 
have a temperature about 4° or 6° C. higher than that of mammals. 

The blood of those animale’ whose temperature follows the changes 
that occur around them, is generally from 1° to 5° C. higher than the 
medium in®which they live. They produce some heat, though it be 
in small quantity, and since they have no special plan for its regula- 
tion, it does not remain at a certain standard. Wherever active 
oxidization takes place, heat is produced ; so even in invertebrate 
wunimals an elevation of temperature occurs; this can be easily 
ascertained when they exist in masses, as bees, an active hive some- 
times reaching a temperature of 35° C, 

Instead of the term “ warm-blooded,” it is more accurate to apply 
to animals whose temperature remains uniformly even, and indepen- 
dent of their surroundings, the tern “ Honwothermic’’ (constant- 
temperature), and to animals with temperatures varying with their 
surroundings “ Povkiothermic” (or changing temperature), instead 
of the words warm- and cold-blooded. 
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MEASUREMENT OF TEMPERATURE, 


On account of the slight degrees of variation that occur in the 
temperature of man, all the changes taking place can be measured 
with a thermometer having a short scale of some 20 degrees, each 
degree of which occupies considerable length on the instrument, so 
that very slight variations may be easily appreciated. Such ther- 
mometers, with an arrangement for self-registering the maximum 
heicht attained by the column of mercury, are in daily use for 
clinical observation, for the temperature of the body is now a 
most important aid to diagnosis and prognosis in a large class of 
diseases, 

As heat is constantly being lost at the surface of the body, the ski: 
is colder than the deeper parts, and in order to avoid variations 
caused by this surface loss—which depends in a measure on the 
temperature of the air—special arrangements are necessary to prevent 
the thermometer being too much influenced by it. The instrument 
may be brought into close proximity to the deeper parts by being 
introduced into one of the mucous passages, where it is surrounded 
by vascular tissue. In animals the rectum is the most convenient 
part for the application of the thermometer, but in clinical practice 
it is usually placed under the tongue, or in the ann-pit, the bulb 
being held so that on all sides it is in contact with the skin and 
protected from the cool air. 

The variations at different parts of the body are but slight, and the 
average normal tempefature in man is found to be about 37° C. 


NoRMAL VARIATIONS IN TEMPERATURE. 


The normal temperature undergoes certain variations, some of 
which are—(1.) Regular and periodical, depending upon the time of 
day, the ingestion of food, and the age of the individual. (2.) Acci- 
dental ciscumstances, such as meutal or bodily exertion. 

a. The temperature is highest between 4 and 5 p.m. and lowest 
between 2 and 4 a.m., the transition being gradual, This diurnal 
variation, which normally dves not much exceed 1° C., is much 
exaggerated in hectic fever. 

6b. The temperature rises after a hearty meal and falls during 
fasting. During starvation the temperature sinks gradually until the 
death of the individual. 

c. The temperature is highest at birth, and falls about 1° C. 
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between that and the age of 50 years,—in extreme old age it is said 
that it again rises, 

d, Muscular exertion, which gives the individual the sensation of 
great warmth, only changes the temperature of the blood about °5° C., 
The very high temperature which accompanies the disease Tetanus, 
where all the muscles are thrown into a state of spasm, probably 
depends more on pathological changes than on muscular action. 

e. Mental exertion is also said to cause a rise of temperature. 

f. Slight differences in the heat of the blood may be brought 
about by variations in the surrounding temperature. The abnormally 
high temperature of fever is much more easily affected by changes in 
the rate of removal of the heat from the body, than is the normal 
temperature, and hence the therapeutic value of cold applications in 
this class of diseases. 

The temperature of different parts of the body varies in a slight 
degree, and depends upon the following circumstances :—-1. The 
amount of blood flowing through them; for the blood is the great 
cairier of warmth from one part to another, supplying heat 
where it is lost by exposure, &c., and it conveys material to those 
parts where the heat is generated. 2. The amount of heat pro- 
duced in a given part, i.c., the activity of its tissue change. 3. The 
amount of heat lost, which depends on (a) the extent of surface ; 
(b) the external temperature; (c) the power of conduction of, and 
the capacity for heat of the surrounding medium. 

From this it is obvious that the deeper parts of the body, where 
active chemical change takeg place and whiqh are protected from 
exposure, must be warmer than the exterior, which is constantly 
losing its Beat to the air. The blood then which flows through 
the surface vessels is cooled, and that which flows through 
the deeper vascular viscera is warmed. Thus the skin is usually 
about 37° C., while the mouth beneath the tongue is about 37°5° C., 
and the rectum about 38° C. Accordingly, then, as the blood has 
recently passed through a part of the body where it has had an 
opportunity of losing or gaining heat, its temperature veties, but 
only within narrow limits. The mean temperature of the blood is 
higher than that of any other tissue. The blood in the hepatic 
capillaries is the warmest in the body. This reaches 40°73° in the 
dog, or nearly two degrees higher than that in the aorta of that 
animal, The cool blood from the extremities and head mingling in 
the right side of the heart with the unusually warm blood from the 
liver keeps the blood going to the lungs at the standard temperature. 
The blood in the left side of the heart is a little cooler than the 
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right, probably because the latter lies on the warm liver, as is proved 
by the substitution of a cold object for this organ, when the tem- 
perature is reversed, and the blood on the right side becomes colder 
than the left, It is not because the blood is cooled going through 
the lungs, for the heat used in warming the respired air is given off by 
the nose and other air passages and not by the alveoli of the lungs. 


Mops oF Proptcrion or ANIMAL Heart. 


It has already been indicated that the general effect of the 
tissue change of the body is a kind of combustion in the tissues 
of certain substances obtained from the vegetable kinedom, viz. 
proteid, fat, carbo-hydrate, &e. The combustible substances aie 
capable of beinz burned in the open air, or made to unite with 
oxygen 80 as to produce a eertain amount of heat, being thus converted 
into CO, and H,O. In the body the oxidation goes on in a 
gradual or modified way, and the end products of the process can be 
recognised as CO, eliminated from the lungs, and as water and 
urea got rid of by the kidneys. The general tendency of the 
chemical changes in the tissues is such as will set free enersy in the 
form of heat. 

The amount of heat that any substance is capable of giving off 
corresponds to the amount of energy required for the formation from 
CO, and H,0, &c., of the compounds contained in it, and this cor- 
reapondence remains whether the dissociation take place rapidly or 
slowly. The substances we make use Of as food have thus a certain 
heat value which depends upon their chemical composition. 

The high temperature which homeothermic animals can keep up 
in spite of the cold of the atmosphere in which they live 1s 
readily accounted for by the chemical change which is constantly 
occufring in the tissue of their bodies. 

The amount of heat produced in any part must, then, depend 
upon the activity of its tissue change, for we find that the temperature 
varies with the elimination of CO, and urea, which give a fair 
estimate of the chemical chanyes of the tissues. 

1. The diurnal changes in temperature are accompanicd by an 
afternoon increase and a morning decrease of CO, and urea. 

2. The tissue change giving rise to CO, decreaaves in a fasting 
animal, as does also the production of heat. 

3. More CO, is eliminated after meals, when the temperature also 


rises, 
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4, The activity of various organs, such as the muscles and glands, 
is associated with a local increase of temperature. 


INcOME AND EXPENDITURE OF Heart. 


As repeatedly stated, the chemical changes which give rise to the 
heat, cause a certain waste of the tissues, which have again to be 
renewed by the assimilation of various nutrient materials. The 
food is thus really the fuel of the animal body, and the peculiarity of 
this form of combustion is that the tissues assimilate or convert into 
their own substance the fuel, and then themselves undergo a kind of 
partial combustion by means of which they perform their several 
functions, amongst others heat-production. 

As already mentioned, heat is produced most abundantly in those 
tissues which undergo most active chemical changer, hence the proto- 
plasmic cells of glands and the contractile substance of muscle must 
be looked wpon as the chief agents in setting heat free. 

The possible heat-income depends on the amount of nutrient 
matter assimilated. As each kind of food has a certain heat 
value, i.¢., the number of heat-units its combustion will produce, 
we ought to be able to estimate the amount of heat produced by 
ascertaining this value and subtracting the calorific value of the 
various substances given off by the body. Since practically the tem- 
perature of the body remains the same, the amount of heat lost 
during a given time should correspond to the income estimated from 
the number of heat-units of the food. So far,ehowever, attempts to 
make the calculated heat-income correspond with the expenditure 
have net bgen productive of satisfactory results, the estimated calorific 
value of the food being hardly equal to the heat calculated to be 
given off by the body. We must remember that itis not the proteid, 
fat and starch of the food that we burn, but the living tissues formed 
by the assimilation of these substances. We do not know what 
chemical changes go on in the steps of tissue formation, and therefore 
we cannot say exactly what combinations are submitted to the com- 
bustion which gives us a high heat-value. 

Since the activity of muscle and gland tissue is constantly 
undergoing variations in intensity, the amount of chemical change 
differs at different times, so that the amount of heat produced must 
also vary. We know that the heat set free by any organ, such as a 
gland or a muscle, increasesin proportion to the increase of its fune- 
tional activity, but we cannot say that the calorific activity can vary 
independently of other circumstances, Without such 2 special calorific 
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function of some tissues, such as muscle, the actual net heat-income 
must vary with circumstances which are accidental and therefore 
irregular. 

Since we know that the nervous system controls the tissue activi- 
ties which are accompanied by the setting free of heat, we can sec 
how the nerve centres can materially influence the heat production of 
the body ; thus the more active are the muscles, glands, &c., which are 
under the control of nerves, the greater the amount of heat produced in 
a given time. That the nervous system can cause in any tissue a 
chemical change, giving rise to a greater production of heat, without 
any other display of functional activity, we do not know, but many 
facts seem to point to such a possibility. 

The effect of nerve influence on the production of heat is greatly 
complicated also by the enormous power exercised by the nerves 
over the blood supply through the means of the vaso-motor mechan- 
isms, for the temperature of any given part is so intimately related 
to the amount of blood flowing through it that the former has been 
commonly accepted as an adequate measure of the latter. 

For the present, therefore, we are not in a position tu speak with 
decision of nerves with a purely thermic action. 


The expenditure of the heat may be classed under the following 
headings : 

1. In warming ingesta: As a rule all the food and drink we make 
use of as well as the oxygen we breathe are colder than the body, and 
before they pass out they are raised to the body temperature. 

2. Radiation and Conduction: Fiom the surface of the body a 
quantity of heat is being expended in warming the surrounding 
medium, which is habitually colder than our bodies. The colder the 
medium, the greater its capacity for heat, and the more quickly it 
comes in contact with new portions of the surface the more warmth 
it robs us of. Water or damp air takes up much more heat 
from our surface than drv air of the samme temperature, and the 
quantity of heat lost is still further increased if the medium Ie 
in motion, so that the relatively colder fluid is constantly 
renewed. 

3. Evaporation : (a.) From the air passages ; a quantity of water 
passes into the vapurous state and saturates the tidal air, and this 
change of condition from liquid tu that of vapour absorbs much heat; 
(b.) From the skin : surface evaporation is always yoing on, even 
when no moisture is perceptille on the skin, and much fluid of which 
we are not sensible is lust in this way. The quantity of heat lost by 
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evaporation from the skin will depend on the temperature and the 
degree of moisture of the air in proportion to that of the surface of 
the body. 

As has been said, the exact income of heat is uncertain and variable 
because the data upon which the absolute amount can be calculated 
are not scientifically free from error. According to the most careful 
estimates an adult weighing 82 kilo. produces 2,700,000 units of heat 
in the twenty-four hours which are expended in the following 
way :— 

In warming ingesta . ; 70,157 units of heat. 
warming tidal air. . . 140,064 
By the evaporation of 656 grm. 
water from the air passages 397,536 
By surface loss. ‘ . . %,092,243 


2? 33 


9 39 


23 3 


From this it appears that more than three-quarters of our heat is 
lost by the skin (77°5 per cent.) ; by pulmonary evaporation, 14-7 per 
cent. ; in heating the air breathed, 5-2 per cent. ; in heating ingesta, 
2°6 per cent. 


MAINTENANCE OF UNIFORM TEMPERATURE. 


In order that the vital processes of man and the other homeothermic 
animals should go on in a normal manner, it is necessary that their 
mean temperature remuin nearly the same, and we have seen that 
under ordinary circumstances it varies only about one deree below 
or above the standard 37° C., notwithstanding the changes taking 
place in the temperatureearound us. Tlfus we can live in any 
climate, however cold or warm, and sv long as our body temperature 
remains &naltered, we suffer no immediate injury. 

There is a limit however to this power of maintaining a uniform 
standard temperature. If a mammal be kept for some time ina 
moist medium, where evaporation cannot take place, at a temperature 
but little higher than its body, say over 45° C., its temperature 
soon begins to rise and it dies with the signs of dyspnoea and convul- 
sions (probably from the nervous centres being affected) when its 
temperature arrives at 43°—405° If placed in water at freezing point 
an animal loses its heat quickly, and when its body temperature has 
fallen to about 20° C. it dics in a condition resembling somnolence, 
the circulation and respiration gradually failing. 

Since a variation of more than one or two deyrees in the tempera- 
ture of our bodies interferes with the vital activities of the controlling 
tissue in the nervous centres, it is of course of the utmost importance 
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that adequate means for the nice regulation of the mean temperature 
of our bodies should exist. 

The temperature of an animal’s body must depend on the rela- 
tions existing between the amount of heat generated in the tissues 
and organs and the amount allowed to escape at the surface, and 
these must closely correspond in order that the heat of the body 
remain uniform. Both these factors are found to be very variable. 
Every increase in the activity of the muscles, liver, &c., causes a 
greater production of heat, while a fall in external temperature or 
increase in the moisture of the air causes a greater escape of heat from 
the surface. 

The maintenance of uniform temperature may then be accomplished 
hy (1) variations in the heat income, so arranged as to make up for the 
irregularities of expenditure, or (2) variations in the loss to compen- 
sate for the differences of heat generated. Since the temperature and 
moisture of our stirroundings are constantly varying between tolerably 
wide limits, the amount of heat given off by our bodies must vary 
greatly at different times. In cold damp weather a great quantity of 
heat is lost in comparison with that which escapes from the body 
when the air is dry and warm. If the heat generated had to make 
up for the changes in the heat lost, one would eapect to find a corre- 
spondingly great difference in the amuount of heat generated at 
different times of the year, and no doult we have some evidence in 
the keener appetite and consequent use of more fuel, and the natural 
tendency to active muscular exertion during cold weather, to show 
that a yreater amount of combustion does take place in winter than 
in warm summer weatlfer. If the presdivation of a uniform body 
temperature depended upon the variations in the amount of income 
exactly following those of the expenditure, we should find it 
impossible to set our muscular or glandular tissues in action except 
when the external tensperature were «uch as would enable us easily 
to get rid of the increased heat following their activity. It certainly 
would appear that the general tissue combustion, as measured by the 
amount of CO, given off, does increase when we are placed in colder 
surroundings—such as a cold bath ; still, n» will presently appear, it 
is probable that the variations in heat-income have but little regu- 
lating influence on the body temperature, and if they have any 
we are certainly ignorant of the manner in which such influence is 
carried out. 

On the other hand, we know that the amount of heat-expen- 
diture may be varied by mechanisms which are almost self-regu- 
lating. I¢ has already been stated that the great majority of the 
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heat is lost by the parts in contact with the air, namely, the skin 
and air passages. In these places the warm blood is exposed to the 
cool air, and therefore loses much of its heat by radiation, conduction, 
and evaporation. It is obvious that the greater the quantity of 
blood thus exposed for cooling, the greater will be the amount of 
heat lost in a given time by the body as a whole. 

If we review the circumstances which tend to interfere with the 
uniformity of the temperature of the body, we shall see that each 
one is accompanied by certain physiological actions which tend to 
compensate for the disturbing influences. 

The chief common events tending to make our temperature exceed 
or fall short of its normal standard may be enumerated as follows, 
and the explanation cf tlicir modes of compensation will at the same 
time be given :— 


COMPENSATION FOR INTERNAL VARIATIONS. 


A casual increase in the heat income may he induced by any 
increased chemical activity in the tissues, notably the action of the 
muscles and large glands. The moment this increased heat is com- 
municated to the blood, the warm blood brings about the following 
results (partly through the stimulation of certain nerve centres) :— 
(a.) An acceleration of respiratory movement, which increases the 
amount of culd air to be warmed and saturated with moisture by the 
air passages, and thus facilitates the escape of the surplus caloric. 
(b.) Relaxation of the cutaneous arterioles, so that a greater quantity 
of blood is exposed to the cogling influence of, the air. (c.) Greater 
rapidity of the heart-beat, by which a greater quantity of blood is 
supplied to the air passages and to the surface vessels, (d.) And com- 
monly an increase in the amount of sweat poured out on the surface, 
affording opportunity for greater surface evaporation. Asan example 
of these points may be mentioned active muscular exercise, which 
daily experience shows us is always accompanied by quick breathing, 
rapid heart’s action, and a moist skin, The incrensed production 
of heat in fever gives rise to the same results, with the exception of 
the secretion of the sweat, the want of the secretion (probably owing 
to the toxic inhibition of the special nerve mechanisms of the glands) 
is a deficiency in the heat-regulating arrangements, which has much 
to do with the abnormally high temperature of the disease. 

When a lesser quantity of heat is produced, owing to inactivity 
of the heat-producing tissues, the reverse of these events tukes place, 


namely, the respiration and heart’s action are slow, the skin is pale 
and dry, so that little heat can escape. 
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CoMPENSATION FOR EXTERNAL VARIATIONS OF TEMPERATURE. 


When the temperature of the air rises much above the average, 
the escape of heat is correspondingly hindered ; and when the 
general body temperature begins to rise by this retention of caloric, 
we have the sequence of events detailed in the last paragraph as 
being caused by excessive production of heat. But before the blood 
can become warmer by the influence of the increased external 
temperature, the warm air, by stimulating the skin, brings about 
certain changes independent of the body temperature which satisfac- 
torily check the tendency to an abnormal rise. This can be shown 
by the local application of external heat, by means of which (a) a 
rush of blood to the skin, and (6) copious sweat secretion may be 
induced in a part. This is brought about by impulses sent directly 
from the skin to the centres regulating the vasomotor and secretory 
mechanisms, and thus causing vascular dilatation and secretive 
activity. Ifonly a part be warmed, only a local effort is made to cool 
that part, and this has but little influence on the general body 
temperature. 

When, however, the atmosphere becomes very warm, all tlic 
cutaneous vessels dilate simultaneously, and the escape of heat is 
greatly increased ; while, at the same time, so much blood being 
occupied in circulating through the skin the deeper—heat-producing— 
tissues are supplied with less blood, and therefore venerate a leer 
quantity of heat. Thus a marked rise in the external temperature, 
which at first sight woald seem to imped the escape of heat from the 
body, really facilitates it, by causing, through the vascular and 
glandular nerve mechanisms of the skin, a greater exposure of the 
blood to the cooler air, and a greater quantity of moisture to be 
evaporated from the warm skin. When the temperature of the ain 
reaches that of the body, then the only way of disposing of the heat 
senerated in the body is by evaporation, for radiation and conduction 
become impossible, In animals like man, whose cutancvous moisture 
is so great, external heat seldom causes marked change in the rate otf 
breathing, but in animals whose cutaneous secretion is limited, 
external heat distinctly affects their respiratory movements, ax may 
be seen by the panting of a dog on a very warm day, even when the 
animal is at rest. 

Almost more important than facilitating the escape of heat in 
very warm weather, arc the arranyzements for preventing its loss when 
the surroundings are unusually cold, In this case the cold acting as 


HEAT REGULATION. 363 


a stimulus to the vaso-constrictor nerve agencies of the skin causes 
the blood to retire from the surface and fill the deeper organs, where 
more heat is produced. This bloodless skin and the underlying fat 
then act as a non-conducting layer or boundary protecting the warm 
blood from the cooling exposure. At the same time the secretion of 
the sweat is checked by a special nerve mechanism. Here, too, the 
cold air, which would soon ro) the moist surface of its caloric, checks 
the secretion and thereby nullifies its effects in this direction, and 
enables the body to remain at the normal standard temperature. 

The chief factors that regulate the body temperature belong then to 
the expenditure department, and may be said to be—(a) variation in 
the quantity of blood exposed to be cooled, and (5) variation in the 
quantity of moisture exposed for evaporation. These regulators 
have to compensate not only for differences of external temperature, 
but also for great fluctuations in the gmount of heat produced in the 
tissues, 

The regulating power of the skin, etc., appears to be adequate for 
the perfect maintenance of uniform temperature only within certain 
limits. When the limits are passed by the rise or fall of the sur- 
rounding medium, the preservation, for any great length of time, of 
aw perfectly uniform body temperature becomes impossible. These 
limits vary very much in different animals, many of which have 
special coverings protecting them from external influences, and thus 
retaining their warmth for all their lifetime in a temperature seldom 
above 0°C. In man the limits vary much, different individuals being 
differently affected according to many cirgumstances, e.g., In both 
extremes of ave the limits“are narrowed. It would appear that for 
about LW C, above and below the body temperature our skin-regulating 
mechanisms are alequate, but beyond these limits external changes 
affect our general temperature, and if continued become injurious. 
Of course hy imitating with clothing the natural protection with which 
some animals are endowed we can aid the normal regulating factor-, 
and bear much greater extremes of temperature with safet Vv or ey ut 
comfort. 

It surprises many people to hear that their bodies are always at 
the same temperature, no qatter how hot or cold they feel, but, 
practically, this is the case, for our sensations of being hot or cold 
mean simply this: when we feel hot our cutaneous vessels are full 
of warm blood, and this communicates to the cutaneous nerve ter- 
minals—the sensory nerves—the sensation of ceneral warmth. On 
the other hand, when the cutaneous vessels are empty, the sensory 
nerves are directly affected by the cold of the external air. Since 
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the full or empty state of the vessels of the skin depends generally 
on the heat or cold of the air, we commonly speak of tts being cold 
and ourselves being cold as synonymous terms. But we can make 
ourselves warm by violent exercise even on a frosty day, because we 
generate so much heat by muscular action that the cutaneous vessels 
have to be dilated in order to get rid of the surplus, and thereby 
reguiate our body temperature, and thus we have the sensation of 
being warm. Our feelings when we suy we are warm or cold simply 
depend upon our cutaneous vessels being full or empty of warm 
blood. 

The local appreciation of differences of temperature will be discussed 
under the sense of Touch. 


CHAPTER XXYV. 
CONTRACTILE TISSUES. 


In the lower forms of organisms the motions executed by proto- 
plasm suttice for all their requirements. Thus the amoeba manages 
to pass through its entire lifetime with no other kind of motion at its 
disposal but the flowing circulation and the budding out of its soft 
protoplasm. A vast number of minute organisms depend wholly upon 
the protoplasmic stream and the twitching of cilia for their digestive 
and progressive movements, Before we leave the class of animals 
which never pass beyond the unicellular stage, we find, however, 
examples in which a portion of their protoplasm is specially adapted 
to the performance of sudden and rapid motions. The protoplasm 
so modified in function deserves the name of contractile material. 
Thus, though the protoplasm which lies within the stalk of the bell 
animaleule is morphologically undifferentiated, it can contract with 
such rapidity that the eye cannot follow the motion. 

As we ascend in the scaJe of animal life,sthe necessity of having 
motions of varied rapidity and duratiun at the command of the 
animal hecomes more and more uryent, and so we find not only one, 
but several kinds of tissue specially adapted for carrying out motions 
of different rate and duration. 

Asa general rule the more rapid the contraction it performs the more 
the tissue differs from the original type of protoplasm ; and the slower 
and more persistent the contraction, the more the tissue elements 
resemble protoplasmic cells. Thus, in the minute blood vessels, as 
we have seen, a very prolonged fomn of contraction, only varied hy 
partial relaxations, is the rule, and gives rise to the toneof the arterioles, 
and the contractile elements differ but little from ordinary protoplasmic 
cells, The intestinal movements are rapid compared with those of the 
arterial muscles, and in them we find a thin, elongated form of 
muscle cell, In the heart « forcible and quick contraction takes 
place, which, however, is slow when compared with the sudden jerk 
of a single spasm of a skeletal muscle, and we find its texture igs 
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different, being a form intermediate between the slow-contracting 
smooth muscle and the quick-contracting striated skeletal muscle. 
By borrowing examples from the lower aniznals, this parallelism of 





structural differentiation and increase of 
functional energy can be more perfectly 
demonstrated, and we can make out a 
gradual scale of increasingly rapid motion 
corresponding with greater complexity of 
structure. 

The contractile tissues of the human 
body show many varieties both of func- 
tional and structural differentiation. 


HIstoLocy OF MUSCLE. 


The term muscle includes the textures 
in which the protoplasm is specially diffe- 
rentiated for purposes of contraction. 

The muscle tissues of the higher animals 
may be divided into two classes; 1. non- 
striated or smooth, and 2. striated, in which 
again there are some slight variations. 

The unstriated muscle tissue is that in 
which the elements are most like contrac- 
tile protoplasmic cells, aud have so far 
retained the typical form as to be easily 
recognisable ag cells when separated one 
from the other. These cells are more 
or less elongated, flattened, hompyeneous 
elements with a single, long, rod-like 
nucleus and no cell wall, They are 
tightly cemented together by a tough 
elastic substance, so that their tapering 
extremities fit closely together and form 
commonly a dense mass or sheet. Some- 
times they branch more or less regularly, 
and then are arranged in net-works. 

These cells vary greatly in size as well 
as in the relation of their length to their 
width, in some plates deserving the name 
fibres, or fibre-cells, and in others being 
only elongated cells. 


The striated muscle tissue is that which is found in the voluntary 
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skeletal muscles and in the tissue of the heart, and therefore forms the 
large proportion of the animal, and is known as the flesh. The flesh 
can by judicious dissection easily be divided into single parts called 
muscles, each of which contains many other tissues and is so attached 
as to carry on certain movements, and may, therefore, be regarded as 
an organ, 

Such a muscle is enclosed in a sheath 
of connective tissue from which, sheet- 
like partitions or septa pass into the 
mass of the muscle and divide it into 
bundles of fibres, which they enclose. 
These septa also act as the bed in 
which the vessels and nerves lie, 

The bundles of fibres of skeletal muscle 
vary much in size, giving a coarse or 
fine grain in different muscles ; they are 
coinposed of a greater or less number of 
fibres, which lying side by side run 
parallel one to the other. The single 
fibres of striated muscle vary in length, 
sometimes reaching 4—5 cm. (2 inches), 
but being on an average much. shorter, 





Fig. 178.—Short striated cells of 


so that they only extend the entire the heart muscle, separated one 
length of a muscle in the case of very showing the truncated (<), or 
short muscles. In long muscles their iD a ic) cas; ene begnches 


tapering points are made to correspond ; 
with those of other fibres t0 which they are firmly attached. The 
soft fibres are pressed by juxtaposition into prismatic forms, so 
that in a fresh condition they appear polygonal in transverse section. 
When freed from all pressure or traction they become cylindrical and 
the transverse striation of the contractile substance appears regular, 
and is easily recognised. 

Each fibre consists of a delicate case of thin, elastic, homogeneous 
membrane, forming a sheath called sarcolemma, within which the 
essential contractile substance is enclosed. The soft contractile sub- 
stance completely fills and distends the elastic sarcolemma, so that 
when the latter is broken its contents bulge out or escape. After 
death, particularly if preserved in weak acid (HCI), the, striation 
becomes more marked, and the dead and now rigid contractile sub- 
stance can be easily broken up into transverse plates or discs. 

Besides the transverse striation a longitudinal marking can be seen 
in the muscle fibre which indicates the subdivision of the contractile 
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substance into thin threads called primitive fibrille. Each primitive 
fibril shows a transverse marking, corresponding with the transverse 
striation, which divides the fibrils 
into short blocks called sarcous, or 
muscle elements. These markings, 
as wellas the transverse striations of 
the muscle fibre in general, depend 
on different parts of the contractile 
substance having different powers of 
refraction, which give the appearance 
of dark and light bands. 

In the muscle fibre are found long 
granular masses like protoplasm ; 
these are the nuclei of the contractile 
substance. They must not be 
confounded with the nuclei of the 
sarcolemma, which are much more 
numerous along the edge of the fibre, 
or with the other short nuclei seen 
in such numbers between the fibres, 
which indicate the position of the 
capillary vessels, 

It is stated that each striated 
muscle fibre has a nerve fibre pass- 
ing directly into it, but the exact 
details pf the mode of union in 
mammalia are not yet satisfactorily 
made out. m= 


ty 


PROPERTIES OF MUSCLE IN THE 
PassIvE State. 

(‘onsistence.—The contractile sub- 
stance of muscle is 80 soft as to 
deserve rather the name fluid than 
solid ; it will not drop as a liquid, 
Fig. 179.—Two fibres of striatedmus- but its separated parts will flow 
cle, in which the contractilesub- = tocether again like a half-melted 


Ae rsa beet eae jelly. In this respect it resembles 


aepara: 

(2) and (0); (») space under the protoplasm of elementary organ- 

sarcolemma. (Ranvicr-) ism, the buds from which are so 
soft that they can unite around foreign bodies, and yet have 
sufficient consistence to distinguish them from fluid. 
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Chemical compositton.—The chemical composition of the contractile 
substance of muscle in the living state is not accurately known. 
The death of the tissue is accompanied by certain changes of a 
chemical nature which give rise to a kind of coagulation, resulting in 
the formation of two substances, viz., muscle serum and muscle clot or 
myosin. This coagulation can be postponed almost indefinitely in 
the contractile substance of the muscles of cold-blooded animals, by 
keeping the muscle after its removal at about 5°C, In thie way a pale 
yellow, opalescent, alkaline juice may be pressed out of the muscle 
and separated on a cold filter, This substance turns to a jelly at 
freezing point, and on being allowed to come to the ordinary tempera- 
ture of the room it passes through the stages of coagnlation seen in the 
contractile substance of dead muscle, and gives the same fluid serum 
and clot of myosin. Since a frog’s muscle can be frozen and thawed 
without the tissue being killed, it is supposed that the thick juice 
is really the contractile substance, and it has been called muscle 

lasma. 
7 The coagulation of muscle plasma reminds us in many ways of the 
clotting of the blood plasma, but the muscle-clot, or myosin, which 
is gelatinous and not in threads like fibrin, is a globulin, and is soluble 
in 10 per cent. solution of salt. It is readily changed into syntonin 
or acid albumin, and forms the preponderant albuminous substance of 
muscle. 

The serum of dead muscle has a distinctly acid reaction, and 
contains three distinct albuminous bodies coagulating at different 
temperatures, one of which i is serum albumin, pnd another a derived 
albumin, potassium-albumin.” The serum of muscle also contains : 
(1.) Kreatin, kreatinin, xanthin, Kc. (2.) Hemoglobin. (3.) Grape 
sugar, muscle sugar, or inosit, and glycogen. (4.) Sarcolactic acid 
made from the inosit by fermentation. (5.) Carbonic acid. (6). Potas- 
sium salts; and (7.) 75 per cent. of water. Traces of pepsin and 
other ferments have also been found. 

Chemical change.—In the state of rest a certain amount of chemical 
change constantly goes on, by which oxygen is taken from the 
heemoglobin of the blood in the capillaries, and carbonic acid is given 
up to the blood. These changes seem necessary for the nutrition, and 
therefore the preservation of the life and active powers of the tissue, 
because if a muscle after removal be placed in an atmosphere free 
froth oxygen, it soon loses its chief vital character, viz., ita irritability. 

Elasticity.—Striated muscle is eusily stretched, and, if the extension 
be not carried too far, recovers very completely its original length. 
We say then that the elasticity of muscle is small or weak, but very 
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— When a muscle is stretched to a given extent by a weight— 
gramme—if another gramme be then added, it will not stretch 

@nedile 20 much as the first did; and so on if repeated gramme 
iweigiata be added one after the other, each succeeding gramme will 
cause less extension of the muscle than the previous one ; so that 
the more a muscle is stretched the more force is required to stretch it 










Fig. 180.—1. Shows graphically the amount of extension causcd by cqual weight 
increments apphed to a steel spring. 
2. Shows graphically the amount of extension caused by equal weight 
increments applied to an india-rubber band. 
S. The same applied to a frog’s muscle. Showing the decreawng inere- 
ments of extension; the gradual continwug atretching and the 
failure té return to the abscissp when the weight is removed. 


to the given extent, or, in other words, the elastic force, of muscle 
increases with its extension. 

If a tracing be drawn showing the extending effect of a series of 
equal weights attached to a fresh muscle, it will be found that 
a great difference exists between it and a similar record drawn by 
inorganic bodies or an elastic band of rubber. 

When a weight is applied to a muscle, it docs not immediately 
stretch to the full extent the weight is capable of effecting, but a 
certain time, which varies with circumstances, is required for its 
complete extension. The rate of extension is at first rapid, then 
slower,, until it ceases. As a muscle Joses ita powers of confrac- 
tion from fatigue, it becomes more easily extended. Dead muscle 
has a greater but less perfect elasticity than living, z.c., it requires 
preater force to stretch it, but does not return so perfectly to 
its former shape. The importance of the elastic property of muscle 
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in the movements of the body is noteworthy. The muscles are 
always in some degree on the stretch (as can be seen in a fragturad 
patella, the fragments of which remain far apart and cause the 
surgeon much anxiety), and brace the bones together like a series of 
springs, the various skeletal muscles being so arranged as to stretch 
others by their contraction, When one muscle—for example, the biceps 
—contracts, it finds an elastic antagonist already tense ; this it has to 
stretch as it shortens. The triceps thiis acts as a weak spring, 
opposing the biceps, and it gently returns to its natural length when 
the contraction of the biceps ceases. By their mere elasticity the 
muscles are kept tense and ready for action, and have to act against 
a gentle spring-like resistance, so that the motions are even, and there 
is no jerking, as would occur if the attachments of the inactive 
muscles were allowed to become slack. 

Klectric Phenomena.—In a living muscle electric currents may 
be detected, having a definite direction, and certain relations to the 





Fig. 181.—Non-polarisable Electrodes. ‘The gluss tubes (aa) contain sulphate 
of yinc solution (z. #), into which well amalgamated zinc rods dip. The 
lower extremity is plugged with china clay (ch.c), which protrudes 
at (¢’) the point. The tubes can be moved in the holders (AA), 20 as 
to be brought accurately into contact with the muscle. (Foster.) 


vitality of the tissue. As they seem to be invariably present in a 
passive muscle they have been called natural muscle currents. 

They are generally studied in the muscles of cold-blooded animals 
after removal from the body. The muscle is spoken of as ‘if it were 
a cylinder with longitudinal and transverse surfaces corresponding 
to its natural surface and its cut extremities. In such a block of 
frog’s muscle the measurement of the electric currents requires con- 
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siderable care, because they are so difficult to detect that a most 
sensitive galvanometer must be used ; and such an instrument can 
easily be disturbed by currents due to bringing metal electrodes 
into contact with the moist saline tissues. Specially constructed 
electrodes must be used to avoid these currents of polarisation taking 
place in the terminals touching the muscle. These are called non- 
polarisable electrodes, and may be made on the following plan :— 
Some innocuous material moistened in saline solution (‘65 per cent.) 
is brought into direct contact with the muscle, and, hy means of 
saturated solution of zine sulphate, into electrical connection with 
amalgamated zinc terminals from the galvanometer. Thus the muscle 
ic not injured, and the zinc solution prevents the metal terminals 
from producing adventitious currents. 

Small glass tubes drawn to a point, the opening of which is 
plugyed with moist china clay, make a suitable receptacle for the 
zinc solution, or, instead of the china clay, a camel-hair brush set in 
plaster of Paris may be used to keep the zinc solution in the tube, 
and the hair moistened in salt solution forms a suitable point of 
contact with the muscle. Ifa pair of such electrodes be applied to the 
middle of the longitudinal surface at (e) (fig. 182), and of the trans- 
verse surface at (p) respectively, and then be brought into connection 
with a delicate galvauometer, it is found that acurrent passes throuvl 
the gulvanometer from the longitudinal to the transverse surface. A 
current in this direction can he detected in any piece of muscle, no 
matter how much it be divided longitudinally, and probally would 
he found in a single filre had we the means of examining it. The 
nearer to the centre of the longitudinal and transverse sections the 
electrodes are placed, the stronger will be the current reeived by 
them. If both the electrodes be placed on the longitudinal or on 
the transverse <urfaces a current will pass through the galvanometer 
from that electrode nearer the middle of the longitudinal section 
(called the equator of the muscle cylinder) to the electrode neurer the 
centre of the transverse section (pole of muscle cylinder). If the 
electrodes be placed equidistant from the poles or from the equator no 
current can be detected. 

The central part of the longitudinal surface of a piece of muscle is 
then positive, compared with the central part of the extremities or 
transveree sections. And between these parts, the equator and poles 
of the muscle cylinder, where the difference is most marked, are 
various gradations, eo that any point near the equator is positive 
when compared with one near the poles. 

There is, then, a current passing through the substance of the 
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piece of muscle from both the transverse sections or extremities of 
the muscle block to the middle of the longitudinal surface, whether 
it be a cut surface (longitudinal section) or the natural surface of 
the muscle. This is called the muscle current, or sometimes natural 
muscle current. 

If the cylinder in the accompanying figure be taken to represent 
a block of muscle, e would correspond to the equator, and » to the 





Fig. 152.—Diagrameto illustrate the currents in inuscie. 
(«) Equator, corresponds to the centre of the muscle. 
( tee regions of cylinder representing the extremities of the muscle. 
The a heads show the direction of the surface currents, and the thickness of lines 

indicates the strength of the currenta, (After Fick.) 
poles, and the arrowheads show the direction of the currents passing 
through the galvanometer, the thickness of the lines indicating their 
force. The dotted lines o are connected with points where the 
electro-motive force is equal, and therefore no current exists. 

The electro-motive force of the muscle-current in a frog's gracilis 
has been estimated to be about °05—-08 of a Daniell cell. It gradually 
<liminishes as the muscle loses its vital properties, and is also reduced 
by fatigue. The electromotive force rises with the temperature from 
5° C. until a maximum is reached at about the body tenfperature of 
mammals, 

These muscle-currents are very weak if the uninjured muecle be 
examined in situ, the tendon being used os the transverse section ; they 
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soon become more marked after the exposure of the muecle, and i 
the tendon be injured they appear at once in almost full foree. I 
animals quite inactive from cold the muscles naturajly age but slowly 
altered by exposure, &c., and the muscle-currents do not appear for 
n considerable time, which is shortened on elevating the temperature. 
It has, therefore, been supposed that in the perfectly normal state 
of a living animal there are no muscle-currents 30 long as the muscle 
remains in the passive state, 


Active Strate or Mvcscix. 


A muscle is capable of changing from the passive elongated con- 
dition, the properties of which have just been described, into a state 
of contraction or activity, Beaides the change in form, obvions in 
the contracted state of the muscle, ite chemical, elastic, electric, and 
thermic properties are altered. The capability of passing intu this 
active condition is spoken of as the irritability of muscle. This is 
directly dependent upon its chemical condition, and therefore related 
to its nutrition and to the amount of activity recently excrted, which, 
it will hereafter appear, changes its chemical state. 

Under ordinary circumstances, during life, the muscles change 
from the passive state into that of contraction in response tu certain 
impulses communicated to them by nervea, which curry impressions 
from the brain or spinal cord to the skeletal muscles. Tlie influence 
of the will is, then, the common stimulus which excites most skeletal 
inuscles to action. But we find that there are many other influences 
which, when applied t6 a muscle, canelso bring about the same 
change. These influences are called stimuli. 

We commonly utilise the nerve belonying to a inuscle in*order to 
throw it into the contracted state, but the great majority of stimuli 
can bring about the change when applied to the muscle directly. 
Since the nerves branch in the substance of the muscle, and are 
distributed to the individual fibres, it might, as has been argued, 
be the stimulation of the terminal nerve ramifications that biings 
about the contraction, even when the stimulus is applied to the 
muscle directly, for the nerves of course would be affected by the 
stimulus applied to the muscle. That muscles can be stimulated 
without the intervention of nerves is satisfactorily proved by the 
following facts :—1. Some parts of muscles, such as the lower end 
of the sartorius, and many muscular structures which have no nerve 
terminals in them, respond energetically to all kinds of muscle 
stimuli, 2 There are some substances which act ox stimuli when 


MUSCLE-STIMULI, 375 
p Cees directly to muscle, but have no such effect upon nerves, viz., 
onia, 3, For some time after the nerve has ceased to react, on 
account of itedyity after remeval from the body, the attached muscle 
will be found quite irritable if directly stimulated. 4. The arrow- 
poison, Curara, has the extraordinary effect of paralysing the nerve 
terminals, so that the strongest stimulation of the nerve calls forth 
no muscle contraction. If the muscles in an animal under the 
influence of this poison be stimulated directly, they respond with a 
contraction. 

This separation of muscles from nerves would appear rather 
artificial, and antagonistic to the teachings of the development of 
these tissues, both in the ascending scale of the animal kingdom and 
in the individual. 


MUSCLE-STIMULI. 


The circumstances which call forth muscle contraction may be 
enumerated thus :— 

1. Mechanical Stimulation—Any sudden blow, pinch, &c., of a 
living muscle causes a momentary contraction, which rapidly passes 
off when the irritation is removed. 

2. Thermic Stimulation.—lf a frog’s muscle be warmed to over 
30° C. it will becin to contract, and before it reaches 40° C. the 
muscle will pass into a condition known as heat rigor, which will be 
mentioned presently. If the temperature of a muscle be reduced 
below 0°C. it shortens before it becomes frozen. 

3. Chemical Stimulation.—A number of chemical compounds also 
act as stimuli when they are applied to tlfe transverse section of 
a divided muscle. Among these may be named—(1) the mineral 
acids (H@I, *1 per cent.) and many organic acids ; (2) salts of iron, 
zinc, silver, copper, and lead ; (3) the neutral salts of the alkalies of a 
certain strength ; (4) weak glycerine and weak lactic acid, which 
only excite nerves when concentrated ; (5) bile alsu is said to stimulate 
muscle in much weaker solutions than it will nerve fibres, 

4,—Electric Stimulation.—Electricity is the most convenient form 
of stimulation, because we can accurately regulate the force of the 
stimulus. The occurrence of any variation in the intensity of an 
electric current passing through a muscle causes it to contract. The 
sudden increase or decrease in the strength of a current acts as 8 
stimulus, but a current of exactly even intensity may be made to 
pass through a muscle without exciting any contraction. The 
common method employed is that of opening or closing a circuit of 
which the muscle forms a part, so as to make or break the current ; 
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and thus a variation of intensity, equal to the entire strength of the 
current used, takes place in the muscle, and acts as a stimulus. 

The irritability of muscle substance is not so gfeat as that of the 
motor nerves, thatis to say, a slight stimulus will make the muscle 





Fig. 183.—Du Bovis Reymond’s Inductormum with Magnetic Interrupter. 


c. Primary coil through which the primary, inducing, current passes, on its way 


through the electro-magnet ()). 

1, Secondary coil, which can be moved nearer to or further from the primary coil (<‘, 
thereby allowing a stronger or weuker current to be induced in it. This induced 
current is the stimulating one. e 

3. Electro-magnet, which on receiving the current breaks the contact in the circuit of the 
primary coil by pulling down the iron hammer (4), and separating the spring from 
the scrow of ¢. When it brings the spring in contact with the flint of the 
pillar {a}, it also demagnetiscs itself by “ short-circusting " the battery. 

‘When tetanus is to be produced, the wires from the battery are to be connected 


with g and d. 
‘When a single contraction is required, the magnetic mterrupter is cut out by shifting 


the wire from a to the binding screw to the nght of /. 


contract when applied to its nerve, while the same stimulus will 
have no effect if applied to the muscle directly. In experimenting 
on the contraction of muscle, as already stated, the intervention of 
the nerve is commonly used, the stimulus, by means of an electric 
current applied to the nerve, being more conveniently and completely 
distributed to the muscle than when applied directly. 

The current of a battery may be used to stimulate a muscle, but 
an induced current is more cummonly employed on account of the 
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greater efficacy of ita action. The instrument in ordinary use in 
physiological laboratories is Du Bois-Reymond’s inductorium, in 
which the strength of the stimulus can be reduced by removal of the 
secondary coil, and which is supplied with a magnetic interrupter, by 
means of which repeated stimuli may be given. (See Fig. 183.) 


CHANGES OCCURRING IN MUSCLE ON ITS ENTERING THE ACTIVE 
STATE, 


Changes in Structure.-—The examination of muscle with the micro- 
scope during its contraction is attended with considerable difficulty, 
and in the higher animals has not led to satisfactory results, In the 
muscles of insects, where the differentiation of the contractile sub- 
stance is more complicated, certain changes can be observed. The 
fibres, and even the fibrille within them, can easily enough be 
seen to undergo changes in form corresponding to those of the 
entire muscle, namely, increase in thickness and diminution in 
length. A chanve in the position and relative size of the singly and 
doubly refracting portions of the muscle element has been described, 
and sume authors state that the latter increases at the expense of the 
former after an intermediate period in which the two substances 
seem fused together. 

Chemical Chang:s.—During the contracted condition the chemical 
changes which go on in passive muscle are intensified, and certain 
new chemical decompositions arise of which, however, not much is 
known. 

Active muscle takes up more oxygen thafi muscle at rest, as is 
shown by the facts that, during active muscular exercise, more 
oxygen cfiters the body by respiration, and the blood leaving active 
muscles is poorer in oxygen than when tlie same muscles are passive. 
This absorption of oxygen canuot be detected in a muscle cut out of 
the body, nor is any supply of oxygen necessary for a contraction of 
such amuscle, since a frog’s muscle will contract in an atmosphere 
containing no oxygen. From this it would appear that a certain 
ready store of oxygen must exist in sume chemical constituent of the 
muscle substance, and it is possible that some chemical compound, 
which is constantly renewed by the blood eaisting in the muscle, is its 
normal source of oxygen, and not the oxy-hamoglobin of the blood. 

The amount of CO, given off by a muscle increases in its state of 
activity, as may be seen by the greater elimination from the lungs 
during active muscular exercise, and by the ‘fact that the venous 
blood of a limb, when the muscles are contracted, contains more 
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CO, than when they are relaxed. The increase of CO, can alao be 
detected in a muscle removed from the body and kept in a state of 
cuntraction. Moreover, this increase in the formation of CO, ins 
muscle takes place whether there is a new supply of oxygen given to 
it or not, and the quantity of CO, given off always greatly exceeds 
the quantity of oxygen thatis used up. So that it is not exclusively if 
at all from the newly-supplied oxygen that the CO, is produced. 

Muscle tissue, when passive, is neutral or faintly alkaline ; during 
contraction, however, it becomes distinctly acid. The litmus which 
it changes from blue to red is permanently altered, and we can, 
therefore, conclude that CO, is not the only acid that makes its ap- 
pearance. The other acid is sarcolacttc acid, which is constantly 
present in muscle after prolonged contraction, and varies in amount 
im proportion to the degree of activity the muscle has undergone. It 
therefore varies directly with the CO,, which would seem to sugyest 
a relationship between the origin of the two acida, 

The amount of glycogen and grape sugar is said to diminish in 
muscle during its activity, and it is stated that sarcolactic acid can be 
produced from these carbo-hydrates by the action of certain ferments. 

Active muscle contains more substances that can be extracted by 
alcohol and less that are soluble in water than passive muscle. 

The chemical changes which take place during muscle coutraction 
are probably the result of a decomposition of some carbo-hydrates, in 
which the albuminous substances do not take any part that require 
their own destruction. This seems supported by the fact that the 
increased gas exchange in muscle during active exercise can be recoy- 
nised in a corresponding chanve in the® gas exchange in pulmonary 
respiration; and, moreover, there seems no relation between 
muscular labour and the amount of nitrogenous waste, as “estimated 
by the urea elimination, which one would expect if muscular activi- 
ties were the outcome of a decomposition of the nitrogenous (albu- 
minous) parts of the muscle substance. 

The chemical changes which are commonly said tu take place in 
muscle during its contraction are :— 

1. The contractile substance, which is normally neutral or faintly 
alkaline, becomes acid in reaction owing tu the formation of sarco- 
lactic acid. 

2. More oxygen is taken up from the blood than in the muscle at 
rest, This using up of oxygen occurs also in the isolated muscle, 
and its amount appears to be independent of the blood supply. 

3. The extractives* soluble in water decrease, those soluble in 

, sleohol increase. 
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4, A greater amount of CO, is given off, both in the isolated muscle: 
as well as in the muscles in the body, and the change in the quantity 
of CO, has no exact relation to that of the oxygen ured. 

5. A diminution is said to occur in the contained glycogen, and 
certainly prolonged inactivity causes an increase in the amount of 
glycogen. 

6. A peculiar muscle-sugar makes its appearance. 

Change in Elasticity.—The elasticity of a muacle during its state 
of contraction is less than when it is in the passive state. That is 
to say, that » given weight will extend the same muscle more if 
attached to it while contracted (as in tetanus) than when it is relaxed. 
The contracted muscle 1s then more extensible. If, then, a weight 
which is just overthe maximum load the muscle can lift, be hung 
from it and the muscle then stimulated, it should become extended, 
because the change to the active state lessens its elastic power, while 
it cannot contract, being over-weighted. 

Electrical Changes.—1lt u« muscle, in connection with a galvano- 
meter so as to show the natural current, be atinulated by means of the 





Fig 184 —Digram illustrating the arrangement in the Rheoscopic Frog 


A=sthimulating limb RB=atimulated limb. The current from the electrodes passes into 
nerve (Nx) of stimulating linb (a), causing its gastruenemius tocontract Where- 
upon the nogative variation ot the natural current between + and — stunulutes 
tho nerve (v’), and excites the muacles of » to action 


nerves, a matked change occurs in the current. The galvanometric 
needle swings towards zero, showing that the current is weakencd 
or destroyed. This is called the negative rariation of the muscle 
current which initiates the change to the active condition. When 
the muscle receives but a momentary stimulus so as only to give 
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single contraction, this negative variation takes place in the current, 
but, owing to its extremely short duration, the galvanometric needle 
is prevented by its inertia from following the change. Only the 
most sensitive and well-regulated instruments show the electric 
change of a single contraction, but when the muscle is kept con- 
tracted by a series of rapidly repeated stimulations then the inertia 
of the needle is readily overcome. The negative variation of a single 
contraction can, however, be easily shown on the sensitive animal 
tissues, For this purpose the nerve of one nerve-muscle preparation* 
is placed upon the surface of another muscle so as to pass over the 
middle of the transverse and longitudinal sections. Then the second 
(stimulating) muscle is made to contract, the negative variation acts 
as a stimulus to the nerves lying on it, and so the first (stimulated) 
muscle contracts. Not only does this show the negative variation of 
a single contraction, but it also demonstrates that the continued 
(tetanic) contraction produced hy repeated stimulation is associated 
with repeated negative variations. Because the contraction of the 
stimulated muscle whose nerve lies on the stimulating muscle follows 
exactly all the variations of the stimulator, and is kept contracted as 
long as the other is contracted, and, as we shall see presently, the 
continued contraction can only be brought about by a rapidly re- 
peated series of stimulations, so that the electric condition of the 
stimulating muscle must undergo a scries of variations. 

If an isolated part of a muscle be stimulated the contraction 
passes from that point as a wave to the remainder of the muscle. 
This contraction wave is preceded by a wave of negative variation 
which passes along the muscle at thé rate of 3 metres per second 
(the same rate as the contraction wave, see under), lasting at any one 
point ‘003 of a second, so that the neyative variation is over before 
the contraction lisgina, for the muscle requires a certain time, called 
the latent period, before it commences to contract. 

The origin of the electric currents of muscle will be discussed with 
nerve-currents, to which the reader is referred (p. 421), 

Temperature Change.—Long since it was observed in the human 
subject that the temperature of muscles rose during their activity. 
In frogs’ muscle a contraction lasting 3 minutes caused an elevation 
of "18°C. And a single contraction is said to produce a rise varying 
from *001° to °005°C., according to circumstances. 

The production of heat is in proportion to the tension of the 

* By a nerve-muscle preparation is meant a muscle of a frog (commonly the gastro- 


cneminus and the half of the femur to which it is attached) and its nerve which has 
been carefully separated from other parts and removed from the body. 
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muscle. When the muscles are prevented from shortening a greater 
amount of heat is said to be produced. 

The amount of heat has also a definite relation to the work per- 
formel. Up to a certain point the greater the load a muscle has to 
move, the greater the heat produced ; when this maximum is reached 
any further increase of the weight causes a falling off in the heat pro- 
duction. Repeated single contractions are said to produce more heat 
than tetanus kept up for a corresponding time. 

The fatigue which follows prolonged activity is accompanied by a 
diminution in the temperature elevation. 


MvuscLE CONTRACTION. 


Change in form.—The most obvious change a muscle undergoes in 
passing into the active etate is its alteration in shape. It becomes 
shorter and thicker. The actual amount of shortening varies according 
to circumstances, (a) A muscle on the stretch when stimulated 
will shorten more in proportion than one whose elasticity is not 
called into play before contraction, so that a weighted muscle shortens 
more than an unweivhted one with the same stimulus. (6) The fresher 
and more irritable a muscle is, the shorter it will become in responce to 
a given stimulus ; and, conversely, a muscle which has been some time 
removed from the body, or is fatigued by prolonged activity, will 
contract proportionately less. (¢) Within certain limits, the stronger 
the stimulus applied the shorter a muscle will become. (/) A 
warm temperature augments the amount of shortening, the amount 
of contraction of frogs’ muscles increasing up $0 33°C. A perfectly 
active frog’s muscle shortens to about half its normal length. If 
much stregched and stimulated with a strong current it may contract 
nearly to one fourth of its length when extended. Muscles are seldom 
made up of perfectly parallel fibres, the direction and arrangement 
varying much in different muscles. The more parallel to the long 
axis of the muscle the fibres run, the more will the given muscle be 
wWble to shorten in proportion to its length. 

Thethickness of a muscle increases in proportion to its shortening 
during contraction, so that there is but little change in bulk. It is 
said, however, to diminish slightly in volume, becoming less than ,t,th 
smaller. This can be shown by making a muscle contract in a bottle 
filled with weak salt solution so as to exclude all air and to cpmmuni- 
eate with the atmosphere only by a capillary tube into which the salt 
solution rises, The slightest decrease in bulk is then shown by the 
fall of the thin column of fluid in the tube. 


Since a muscle loses in elastic force and gnins but little in density 
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during contzaction the hardness which is communicated to the touch 
depends on the difference of tension of the semi-fiuid contractile 
substance within the muscle sheath. 


Tue Grapnic Metgop or Reoorpirxe Moscie Contractioy. 


In order to study the details of the contraction of muscle, the 

graphic method of recording the motion is applied. The curve may be 
<trawn on an ordinary cylinder moving sutficiently rapidly. Where 
accurate time measurements are required it is better to uae one of the 
many special forms of instruments, called myographs, made for the 
purpose. The principle of all these instruments is the same ; namely, 
an electric current, which passes through the nerve of a frog’s muscle 
connected with the marking lever, is broken by some mechaniam, 
while the surface is in motion ; the exact moment of breaking the 
contact can be accurately marked off on the recording surface by the 
lever which draws the muscle curve befure the instrument is set in 
motion. The rate of motion is registered by a curve drawn by a 
tuning fork of known rate of vibration. 

In order that the muscle-nerve preparation may not be injured by 
the tissues becoming too dry, it is placed in a smell glass box, the air 
of which is kept moist by a damp sponge. This motst chamber is used 
when any living tissue is to be protected from «drying. 

The first myograph used was a complicated instrument devised by 
Helmholtz ; in which a small glass cylinder is nade to rotate rapidly 
by a heavy weight, and when a certain velocity of rotation is attained, 
a tooth is thrown out by centrifugal force, which breaks the circuit of 
the enrrent passing through the nerve of the muscle. The tendon is 
attached to a balanced lever, at one end of which hangs a rigid style 
pressed by ite own weight against the glass cylinder. When the 
circnit is broken the muscle contracts, rai-cs the lever, and makes the 
style draw on the smoked glass cylinder. 

Fick introduced a flat recording surface moving by the swing of a 
pendulum, by which the abscissa is made a segment of a circle, and 
not a straight line, and the rate varies, so that the different parts of 
the curve have varying time-values. The curves given in the 
following wood-cute are drawn with the Pendulum Myograph. 

Du Bojs-Reymond draws muxcle curves on the smoked surface of a 
small glass plate contained in a frame, which is shot by the force of a 
spiral spring along tense wires, and on its way breaks the contact. 
The trigger used for releasing the spring sets o tuning fork at the 
same time vibrating. 
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Single Conrractioy. 


In response to a single instantancous stimulus, such as the making or 
breaking of an electric current, a muscle gives a momentary twitch or 
spasm, commonly spoken of as a single contraction, which is of so short 
duration, that without the graphic method of recording the motion 
we could not appreciate the phases which are seen on the curve. 





Fig. 185,—-Curve drawn by a frog’s gastrocnemius on the Pendulum Myograph, below 
is seen the tuning fork record of the time occupied by the contraction. Parallel to 
the latter isthe abscissa. The little vertical mark at the left shows the moment of 
stimulation, and the distance from this to the beginning of the mse of the curve 
gives the latent period, which is followed by the ascent and descent of the lever. 


The curve drawn on the recording surface of a pendulum myograph, 
by such a single contraction, is represented in figure 183. The short 
vertical stroke on the abscissa or base line is drawn by touching 
the lever when the muscle is in the uncontracted state, and indicatez 
the time of stimulation. The upper curved line is drawn by the 
lever and during the contraction of the muscle. 

In such a curve the following stages are to be distinguished :— 

1. A short period between the moment of stimulation and that 
at which the lever begins to rise, during which the muscle does 
not move. This is known as the latent period. In the skeletal 
muscles of the freg this period lasts about ‘01 sec. 

2. A period during which the lever rises, at first slowly, then more 
quickly, then again slowly, until it ceases to rise. This stage has 
been called the period of rising energy. It lasts about 0°04 see. 

3. When the highest point is attained the lever commences 
to fall, at first slowly, then more quickly, and at last slowly. 
There is then no pause at the height of contraction. The gtaye of re- 
laxing has been called the period of falling energy. It is said to occupy 
a somewhat longer time than the second period, lasting about 55, sec. 

Thus we see that @ stimulus occupying an inimeasurably short time 
sets up a change in the molecular condition, which taking nearly 
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js Sec. to run its course, and requiring ;}, sec. before it exhibits any 
change of form, then in ;4, sec. attaining the maximum height of 
contraction, and without waiting in the contracted condition, spends 
yéo Sec. in relaxing. 

The latent period which appears in 9 single contraction curve drawn 
by a muscle stimulated in the usual way, through the medium of a 
nerve, is not entirely occupied by preparatory changes going on in the 
substance of the muscle, but a certain part of the time recorded as 
latent period corresponds to the time required for the transmission 
of the impulse along the nerve, This may be shown by stimulating 
first the far end of the nerve and then the muscle itself. In this 
case two curves will be drawn having different latent periods, that 
obtained by direct stimulation of the muscle being shorter, and 
representing the real latent period of the muscle, while the longer 
one includes the time taken by the impulse to travel along the piece 
of nerve between the electrodes and the muacle (see p. 420). 

The latent period varies much in different kinds of muscle in the 
same kind of muscle of different animals, and in the same individual 
muscle under different conditions As a rule the slow-contractiny 
muscles have a longer latent period. Thus the non-striated slow 
contracting muscles found in the hollow viscera have a latent period 
of some seconds. The striated muscles of cold-blooded animale have 
a longer latency than the same kind of muscle in birds and mammalia. 
The same gastrocnemius of a frog has a shorter latent periud when 
strongly stimulated, or when its temperature is raised, and vtce versa. 





Fig. 186.--Carves drawn by the same muscle in different stages of fatigue—A, when 
fresh; B, C, D, E, each immediately after the muscle had contracted 200 times. 
Showing that fatigue causes a low, long contraction. 


The latent period is considerably lengthened by fatigue. If the 
weight be so applied that it does not extend the muscle befure con- 
traction, but only bears on it the instant it commences to shorten, the 
duration of the latent period increases in proportion to the weight 
the muscle has to lift, 


The duration of the single contraction of striated muscle varies in 
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different cases and under varying circumstances. The 
difference is reached by the muscles found in different kinds of 
animals, The contraction of some kinds of muscle tissue (non- 
striated muscle of mollusca, for example) occupies several minutes, and 
reminds one of the slow movement of protoplasm ; while the rapid 
action of the muscle of the wing of a horsefly occurs 330 times a 
second, Various gradations between these extremes in the rapidity of 
muscle contraction may be found in the contractile tissues of different 
animals, The following table gives the rate of contraction of some 
insects’ muscles, which may help to show the extent of these varia- 
tions. 


Horsefly ‘ . 3380 contractions per second. 
Bee : : . 190 - 5 
Wasp. . 110 - s 
Dragon-fly .. . 28 si 59 
Butterfly ‘ 9 5 5 


Among the vertebrata the duration of the contraction of the skeletal 
muscles varies considerably according to the habits of the animal. 
The limb muscles of the tortoise and toad take a very long time to 
finish their contraction ; other muscles of the same animals act more 
quickly, but do not attain the rapidity of contraction of the skeletal 
muscles of warm-blooded animals. 





Fig. 187.—Six curves drawn by the same muscle when stretched by different weights 
Showing that as the weight is increased the latency becumes longer and the con- 
traction less in height and duration. 


The duration of a single contraction of the sune muscle is also 
capable of considerable variation. It seems to be lengthened by any- 
thing that leads to an accumulation of the chemical products which 
arise from muscle activity. Hence fatigue or over-stimulation cause 
a slow contraction (Fig. 186). 


cc 
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Fig. 188.—Curves drawn by the same muccle at different temperatures. Showing that 
with elevation of temperature the latency and the contraction become shorter. 
(The muscle had been previously cooled.) 


Moderate increase of temperature greatly shortens the time occupied 
by the single contraction of any given muscle. Excessive heat causes 
a state of continued contraction. 





ri) 
Fig. 160.—Curves drawn by the same muscle while being cooled. Showing that the 
latency and the contraction become longer as the temperature is reduced. 


“The reduction of temperature causes a muscle to contract morc 
slowly, and, when extreme, the muscle remains contracted lung after 
the stimulus is removed. 

Wave of Contraction.—If one extremity of a long muscle be stimu- 
lated without the aid of the nerve (it is best to employ a mascle from 
a curarised animal), the contraction passes alony the muscle from the 
point of, stimulation in a wave which travels at a definite rate of 
3—4 metres per sec. in a frog, and 4—5 metres per sec. in a mammal. 
Reduction of temperature and fading of vital activity cause the 
velocity of the wave to be lessened, until finally the tissue ceases 
to conduct; then only a local contraction occurs, severe stimulus 
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causing simply an elevation at the point of contact. This seems 
analogous to the idio-muscular contraction, which marks the seat 
of severe mechanical stimulation after the general contraction has 
ended. 


Maximum ConTRACTION. 


The extent to which a muscle will contract depends upon the 
conditions in which it is placed, and varies, as we have seen, with the 
load, its irritability, the temperature, and the force of the stimulus. 
A fresh muscle then, at the ordinary temperature with a medium 
load, will contract more and more as the intensity of the current 
employed increases. There is a limit to this increase, and with com- 
paratively weak stimulation, an effect is produced which cannot be 
surpassed by the same muscle, no matter what stimulus be applied. 
This greatest contraction is the same for all medium stimuli while 
the muscle is fresh, and is called the maximum contraction, being the 
greatest shortening which can be produced by a single instantaneous 
stimulus. 





ig. 190.—Pendulum myograph tracings showing summation. 


1. Curve of maximum contraction drawn by first stimulus, the exact time of applica- 
tion of which is shown by the smull up-stroke of the left hand of the base linc. 

2. Maximum contraction resulting from second simple stimulation given at the 
moment indicated by the other sinall up-stroke. 

3. Curve drawn as the result of double stimulation sent in at an interval indicate? 
by the distance between the up-strokes, showing summation of stimulus and 
consequent mcrcase in contraction over the ‘‘ maximum contraction.” 


Summation.—Each time a muscle receives an induction shock of 
medium strength it contracts to its maximum. Ifa second shock be 
given while the muscle is in the contracted state, a new maximum con- 
traction is added to the extent of the contraction the muscle avas in at 
the moment of the second stimulation, and if stimulated when the 
lever is at the apex of the curve the sum of thg effect produced will 
he equal to two maximum contractions. 

If applied in the middle of the period of the ascent or descent of 

oc 2 
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the lever a second stimulation gives rise to 1} maximum contractions, 
and so on, in various parts of the curve,a new maximum curve is 
produced, arising from the point at which the lever is when the 
second stimulus is applied (Fig. 190). 

During the latent period a second stimulation produces less marked 
effect, and is difficult to demonstrate, but if the second stimulus 
come after an interval of more than ,4, sec., summation can be 
appreciated. 

This summation of effect also takes place when the stimulus is 
insufficient to produce a maximum contraction, the succeeding weak 
stimuli give rise to the same extent of contraction of the already par- 
tially contracted muscle, as if it were at its normal length at the time 
of the second stimulation. The following tracings (Figs. 191—193) 
show the effects of repeated stimulations applied at the various 
periods indicated by the numbers on the abscissa line. 


TETANUS, 


If a series of stimuli be applied one after the other, at intervals 
equal to abont half the duration of a single contraction, a summation 
of contractions occurs, which results in the accumulation of effect 
until the muscle has shortened to about one-half of the length it attains 
during a single contraction, or about one-fourth the normal length of 
the relaxed muscle; it can then shorten no more no matter how the 
stimulus be increased in rate or strength. Not having sufficient time 
between the stimuli itecannot relax, so jf remains contracted perma- 
néntly as long as the stimulus is continued, the various single contrac- 
tions caused by the repeated shock all being fused tovether ¢Fig. 191) ; 
but if the interval be more than half the time occupied bya single con- 
traction then the line drawn by the lever will show notches indicating 
the apices of the fused single contractions (Figs. 192 and 193). 

This condition of continuous summation of contractions is called 
tetanus, and in all probability is not only the commonest but the 
only kind of muscular motion that can be produced by the action of 
the nerves in obedience tothe will. <All the actions of our skeletal 
muscles are then made up of the fusion of many single contractions 
into tetanus, and such motions as appear tuo quick for tetanic action 
are accomplished by the interposition, at a certain moment, of the 
action of an antagonistic muscle which stops the movement and 
makes the act extremely rapid. 

With from twenty a second to upwards of many hundreds of in- 
duced shocks one can produce tetanus in a frou’s muscle. The lowest 
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limit of this range is probably about the number of impulses commu- 
nicated to human muscles by their nerves, since the tone produced 
by contracting muscle corresponds to the first overtone of a primary 
note produced by 19°5 vibrations in a second, The number of 





Fig. 191.—Curve of tetanus resulting from 80 stimulations per second, drawn on a 
drum rotating slowly compared with the motion of the Pendulum Hyograph. 
The stimulation commences ut ‘‘80,”” and ceasos just before the lever begins to 
fall. No trace of the individual contractions of which the tetanus is composed 
can be recognised, 





Fig. 192 —Curve of tetanus composed of imperfectly fused contractions resulting from 
12 stimulations per second. The serrations on the left of the curve indicate the 
individual contiactions. 





Fig. 193.—Tetanus produced by 8 stimulations per second. 


The more perfect fumon of the single contractions shown towards the end of the curve 
depends on the altercd condition of the muscle, 


stimuli required varies with the rate of contraction of the muscle 
employed, the quick contracting bird’s muscle requiring 70 per 
second, while the eaceptionally slow-moving tortoise muscle ohly 
requires 3 per second. According to some,*there is a limit to the 
number of stimuli which will cause tetanus, 360 per second is named 
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as the maximum fora certain strength of stimulus; with stronger 
stimuli, even when more frequent, tetanus occurs. It has been shown 
that many thousand stimuli per second can cause tetanus even with 
very weak currents. If tetanus be kept up for some seconds, and 
the stimulation be then suddenly stopped, the lever falls rapidly for 
a certain distance, but the muscle does not quite return to ite normal 
length for some few seconds. ‘This residue contraction is easily 
overcome by any substantial load. If kept in a state of tetanus by 
weak stimulation, after some time the muscle commences to relax 
from fatigue, at first rapidly, then more slowly ; this falling-off of 
the tetanic contraction may be prevented by increasing the stimulus. 


Mcscite TONE. 


Although the tracing drawn by a lever attached to a muscle 
in tetanus is straight, and does not show any variation in the 
tension of the tetanised muscle, some variation in tension must ocenr, 
since a low humming sound is produced during contraction. This 
muscle-tone can be heard by applying the ear firmly over any large 
muscle (biceps) while in tetanus, or by throwing the muscles attached 
to the Eustachean tube into action, as in swallowing, or during spasm 
of the muacles in mastication. 

The number of vibrations of the muscle-sound has been estimated 
to be from 18—20 for the human skeletal muscles. This number of 
vibrations, however, does not produce any audible note ; hence it has 
been supposed that the note we hear is reaky the first overtone, and not 
the fundamental tone. When a muscle is thrown into tetanus by a 
current interrupted by a tuning fork, a tone is said to be froduced 
which corresponds to the number of vibrations of the fork which 
causes the interruption in the current, and thus regulates the number 
of stimulations which the muscle receives. If, however, a contraction 
of the muscle be bronght about by stimulating the spinal cord, with 
the same apparatus for making and breaking the current, then the 
normal muscle-tone is produced, just as if the contraction was the 
result of a nerve impulse coming from the brain. 


IRRITABILITY AND FATIGUE. 


The life of the muscle tissue of mammalian animals is closely 


dependent upon a good supply of nutrition, and if its blvod current 
be completely cut off by any means fur a lenyth of time it loses its 
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power of contracting, While the muscle remains in the body, and is 
therefore kept warm and moist by the juices in the tissues, it will live 
avery considerable time without any blood flowing through it, and it 
at once regains its contractility when the blood stream is again allowed 
to flow through its vessels. This is seen when the circulation of a 
limb is brought to a standstill by means of a tourniquet or a tightly 
applied bandage. When removed from the budy, a mammalian muscle 
soon ceases to be irritable and dies, but its functional activity may be 
renewed by passing an artificial stream of arterial blood through its 
vessels, and an isolated muscle may thus be made to contract 
repeatedly for a considerable time. 

On the other hand, the muscle of a cold-blooded animal will remam 
alive for a long time—many hours—if kept cool and moist. When its 
functional activity is about to fade, it may be revived by means of 
an. artificial stream of blvod being caused to flow through its vessels, 
just as in the case of the mammalian muscle. 

Common experience teaches us that even when well supplied with 
blood our own muscles become fatigued after very prolonged exertion, 
and are incapable of further action. This occurs all the more rapidly 
when anything interferes with the flow of blood through them, such 
a3 when we use our arms in an elevated position; the simple operation 
of driving in a screw overhead is soon followed by pain and fatigue in 
the muscles of the forearm, though the same amount of force could be 
exerted when the arms are in a dependent posture without the least 
feeling of fatigue. 

The difficulties of experimenting with the muscles of mammals 
make the frog-muscle the tommon material for investigation, and 
from it ye learn the following facts :— 

When removed from the body and deprived of its blood supply, 
the muscle of a cold-blooded animal slowly dies from want of nutri- 
tion. However, if it be placed under favourable circumstances, and 
allowed perfect rest, it may live twenty-four hours. If it be 
frequently excited to action, on the other hand, it rapidly loses its 
irritability, becoming in fact fatiyued. 

From a muscle removed from a recently killed animal, we learn, 
moreover that even without any blood supply the muscle-tissue is 
capable of recovering from very well-marked fatigue, if it be allowed 
to rest for a little time, so that the muscle has in itself the material 
requisite for its recuperation. ; 

The first question then is, what causes the loss of irritability which 
we call fatigue? And the second ie, by whdt means is the muscle 
enabled to return to « state of functional activity ® We know that 
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the mere life of a tissue must be accompanied by certain chemical 
changes which require (1) a supply of fresh material, and (2) the 
removal of certain substances which are the outcome of the tissue- 
change. In the case of muscle this chemical interchange is constantly 
but slowly going on between the contractile substance and the blood. 
When the muscle contracts much more active, and probably different, 
changes go on in the contractile substance, more new material being 
required, and more effete matter being produced. It is probable 
that the accumulation of these effete matters is the more important 
cause of the loss of irritability in 2 muscle, for a frog’s muscle when 
quite fatigued may be rendered active again by washing out its blood 
vessels with a stream of salt solution of the same density as the 
serum (‘6 per cent. NaCl), and thus removing the injurious “ fatigue- 
stuffs,” as they have been called. We know also that a very minute 
quantity of lactic acid injected into the veasels of a muscle destroys 
its irritability, and brings it to a state resembling intense fatigue. 
Of the new material required for the sustentation of muscle irrita- 
bility we know that oxygen is amongst the most important, though 
its supply is not absolutely necessary for the recuperation of a 
partially exhausted, isolated frog’s muscle. 

The slow recovery of a bloodless muscle from fatigue may be 
explained by supposing time to be necessary for the reconstruction of 
new contractile material, and probably also for a secondary change 
to take place in the effete materials by which they become less 
injurious, 

When working actively, then, it is obvious that the muscles require 
an adequate supply of good arterial Blood in order to ward off 
exhaustion ; and, as already explained in speaking of the vasomotor 
influences, a muscle does in reality receive a much greater supply of 
blood when actively contracting than when in the passive state. 

The irritability of a muscle and the rate at which it becomes 
exhausted may be said to depend upon :— 

1. The adequacy of its blood supply: the better the supply of 
new material and the more quickly the injurious effete materials are 
removed, the more work a muscle can do without becoming ex- 
hausted. 

2. Temperature has a marked effect on the irritability as well 
as form of contraction of muscles. Very low temperatures — ap- 
proaching zero C.—liminieh the irritability of a muscle, but do not 
seem to tend towards more rapid exhaustion. High temperatures 
—approaching 30° C.—increase the irritability, and at the same time 
rapidly bring about fatigue. At about 35° C. an isolated frog’s muscle 
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begins to pass into heat tetanus, and soon loses its irritability for 
ever. 

3. Functional activity is accompanied by an increased blood- 
supply, and a more perfect nutrition of the muscles, and hence use is 
advantageous for their growth and power ; while, on the other hand, 
continued and prolonged inactivity causes a lowering of the nutrition 
and loss of irritability. Thus when the nerves supplying the voluntary 
muscles are injured, there is considerable danger of atrophy and tissue- 
degeneration of the muscles; the contractile substance becomes 
replaced by fat granules. This degeneration also occurs in the stump 
when a limb is amputated, the distal attachments of the muscles 
having been cut, they atrophy ; for, although their nervous supply 
is uninjured they cannot act, and after some time muscle tissue 
can hardly be recognised in them. 


Deatu R1Gor. 


The death of muscle tissue is preceded by, and associated with, a set 
of changes which aie a kind of exaggeration of those observed in its 
active state. The most obvious phenomenon is an unyielding con- 
traction, which causes the stiffening of the body after systemic 
death. Hence it iy called riyor mortis, The muscles harden ; lose 
their elasticity, and the tissue is torn if forcibly stretched. When 
isolated, the muscle is seen to be opaque, and its reaction is found 
to be distinctly avid. A considerable quantity of heat is developed 
during the progress of the rigor. The elegtric currents alter in 
direction and finally disappear. 

The period at which rigor comes on, as well as the time it lasts, 
depend on (a) the state of the muscles themselves, and (5) the circum- 
stances under which they are placed at the time of death. All influ- 
ences which tend to facilitate the approach of tissue-death also tend 
to induce early and rapidly-terminating rigor, viz., (1.) Prolonged 
activity—as may be shown in a muscle artificially tetanised, or 
may be seen in an unimal whose death was preceded by intense 
muscular exertion—causes rigor to appear almost immediately, and 
to terminate rapidly. (2.) Within certain limits, a high temperature 
facilitates the production of rigor in dying muscles, and indeed a 
temperature not much exceeding that normal to the tissye induces 
rigor immediately. This form of contraction, which ia called heat- 
rigor, is brought about in mammalian muscles by a temperature of 
about 50° C., and in frogs’ muscles below 40° C. If, however, the 
temperature of a muscle be suddenly raised to the boiling point, it is 
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killed, and the chief phenomena of rigor are prevented from occurring. 
(3.) Freezing postpones the appearance of the changes in the muscles 
upon which rigor depends. (4). Stretching, or any mechanical 
excitation which tends to injure or hasten the death of the tissue, 
causes it to pass more rapidly into rigor. (5.) The application of 
water and of a number of chemical substances causes muscles quickly 
to pass into a state of rigor similar in all essential respects to that 
which ordinarily follows the death of the tissue. (6.) Any stoppage 
in the blood-current normally flowing through a muacle, after some 
little time makes it pass into a state of rigidity like rigor mortis, 
but this may be removed hy allowing the blvod to flow freely sguin 
through the muscle. 

It is generally admitted that muscle rigor depends on the coagu- 
lation of the muscle plasma, giving rise to myosin and muscle 
serum. This is in most respects comparable with the coagulation of 
the blood, and also seems to be produced by the action of some 
ferment, of which several have been made out in dead muscle tissue 
(compare the par. on chemistry, ». 369). 

Most of the phenomena of the process of muscle-rigor remind us of 
the changes which were noted as occurring in muscle, when it passes 
from the passive to the active state. Thus the shortening of the fibres, 
the evolution of heat, and the chemical changes may be said to be 
identical in contraction and rigor mortis. The electrical chanyes are, 
however, very transitory, and are followed by complete loss of elas- 
ticity and irritability. Opacity of the tissue accompanies its later 


e 

Thus, while dying, the muscle tissue may be sail to yo through a 
series of events analogous to thore which would occur in a prolonged 
contraction without any period of recuperation. The idea naturally 
has suggested itself to the minds of physiologists that the active 
state of muscle depends upon chemical changes which are the initial 
steps in the coagulation of the contractile substance, when the 
muscle is dying. The muscle tissue is supposed to contain a special 
proteid of extremely intricate and unstable chemical constitution, 
which, like all plasmata, is constantly undergoiny slow molecular 
change, and which if not re-integrated by constant assimilation 
would pase into coagulation. Under the influence of stimuli a com- 
perativelysudden and intense molecular disturbance is brought about, 
which produces shortening of the fibres and the same chemical 
_ changes as precede the coagulation. Before the stage of congulation 
appears, however, a chemical rearrangement takes place, the result 
of which is the re-construction of the unstable complex proteid. If 
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nutriment be withheld, or if the stimulation be too powerful, the 
recovery cannot take place, and we find the muscle passing froma 
state of physiological contraction to one of intense exhaustion, and 
then to coagulation and death. 


UNSTRIATED MUSCLE, 


So far reference has only been made to the skeletal muscles, the 
fibres of which are marked by transverse striations, and whose single 
contraction is extremely rapid and short. The contractile tissues 
which carry on the movements in the various organs of the body are 
not striated fibres, but, as has been already stated, consist of elongated 
flattened cells with rod-shaped nuclei. They occur generally in the 
form of sheets or layers forming coats for the organs in which they 
lie. Their single contraction is slow and prolonged, and commonly is 
transmitted from one muscle-cell to another as a kind of sluggish 
wave. They are incapable of passing into a tetanic state of contrac- 
tion like striated muscles. 

The slowest contraction seems to be that of the little muscle- 
cells in the walls of the blood-vessels, These remain in a state 
of partial contraction, which undergoes a brief and partial rhyth- 
mical relaxation. The most forcible aggregate of unstriated muscle 
elements is met with in the uterus, This organ, which has very 
exceptional motor powers to perform, contracts in somewhat the same 
way as the muscles of-the blpod-vessels, but mvure quickly, and with 
longer rhythmical intervals of partial relaxation. The muscular wall 
of the intestine and the iris are among the most rapidly contracting 
smooth muscles, 

The chemical properties of the smooth muscle are much the same 
as those of striated skeletal muscles, and they pass into a state of 
rigor, while dying, which seems to depend on the same causes as 
the rigor mortis already described. 


CHAPTER XXVI. 


THE APPLICATION OF SKELETAL MUSCLES. 


THE consideration of the many varieties of muscles, and the various 
modes in which they are attached to the bones that they are destined 
to move, belongs to the department of practical anatomy, and needs 
no mention here. As a general, but by no means universal rule, a 
muscle has one attachment which is fixed, commonly spoken of as 
its origin, and a second, called its insertion, upon which it acts by 
approximating it to the origin. Muscles mostly pass in a straight 
line between their two attachments, but sometimes they act round 
an angle by sliding over a pulley, or by means of a small bone in 
the tendon, like the patella. 

The muscles are so attached that they are always slightly on the 
stretch, and thus at the moment they begin to contract they are in an 
advantageous position to bring their action to bear on the bones which 
they move. When the contraction ceases the bones are drawn back 
to their former position without any sudden jerk or jar. 

The muscles commonly act upon the bones as levers hy working 
upon the short arm of the lever, so that more direct force is required 
on the part of a muscle than the weight of the body moved ; but from 
this arrangement considerable advantayes are gained, viz., that a 
small contraction of the muscle causes an extensive excursion of the 
part moved, and much: greater rapidity of motion is attained. 

All the three orders of levers are met with in the movements of 
the different bones of the skeleton ; often, indeed, all three varieties 
are found in the same joint, as the elbow, where the simple extension 
and flexion motions of the biceps and triceps muscles give us good 
examples (Fig. 194). 

The firet order of lever is used when the triceps is the power and 
draws upon the olecranon, thus moving the hand and forearm around 
the trochlea which acts as the fulcrum. This is shown in the upper 
diagram, in which the hand is striking a blow with a dagger. 


SKELETAL MOVEMENTS. 397 


The second order comes into play when the hand, resting on a 
point of support, acts as the fulcrum, and the triceps pulling on the 
olecranon is the power which raises the humerus upon which is fixed 
the body or weight (middle diagram). 

The third order may be exemplified by the action of the biceps in 
ordinary flexion of the elbow. Here the muscle, which is the power, 
is placed between the fulcerum—repre- 
sented by the lower end of the humerus 
—and the weight which is carried by 
the hand (lower diagram). 

The various groups of muscles which 
are so arranged as to assist each other 
when acting together, are called syner- 
getic, and those which when contracting 
at the same time oppose each other, are 
called antagonistic. The same muscles 
may, in different positions of a joint or 
in combination with other different 
muscles, have totally different actions, 
at one time being synergetic and 
at another antagonistic. Thus, the 
sterno-mastoid muscle may, in different 
positions of the head, either bend the 
cranium backwards or forwards, and 80 
co-operate with two sets of muscles 
which are definitely antagoyistic to one e 
another. 

® 


JOINTS. | F 
The unions between the bones of the Pp 


, W 





skeleton are very varied in function and 
character. They may be classified as :— Fig 1°4—Dingrams showing the 


1. Su ; : mode of actiun of the three orders 
S TURES, in which the bones Oe ee ie ceu aumbered: bon bee 
firmly united by rugged surfaces with- downwards) lustrated by the 


out the interposition of any cartilage, 9ct#on of the clbow jut. 

They are practically only the lines of 

union of different bones, which grow together to form a single bone. 
2. SYMPHYSES, in which two bony substances are stiongly’ cemented 

together by ligaments, and a more or less thick adherent layer of 


fibro-cartilage, are joints allowing of sume emovement, which is, 
however, very limited. 
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3. ARTHROSES, or true movable joints, such as are commonly met 
with in the extremities. They are characterised by a synovial sac 
lining the surrounding ligaments, and two smooth surfaces of cartilage 
which cover over the bony extremities taking part in the articulation, 
and form what are called the articular surfaces. The synovial sac 
is strengthened by a loose membranous covering—the capsular liga- 
ment—which is attached round the edge of the cartilages next to 
the periosteum, which here ceases. 

The articular surfaces are always in exact and close contact, being 
pressed together by the following influences :—(1.) The elastic tension 
and tonic contraction of the surrounding muscles, which exert con- 
siderable traction on them. (2.) The traction of the surrounding 
ligaments, which in some cases holds the benes firmly together, no 
matter what their relative positions may be. This can be well seen 
in the knee-joint, in which a comparatively small number of the 
ligaments suffice to keep the articular surfaces in contact. (3.) The 
atmospheric pressure also tends to hold the bones in close apposi- 
tion, as may be seen in the hip-joint, which is not easily disarticu- 
lated, even when all the surrounding structures and the liyaments 
have been severed. 

The synovial joints may be classified according to the form of 
their surfaces, or their mode of motion, as follows :— 

1. Flat articular surfaces held together by a short rigid capsule 
allowing of but very slight gliding movement ; examples of this form 
of joint are to be found in the tarsus and the articular processes of 
the vertebre. P “ 

2. Hinge joints, in which the surfaces are +o adapted that only one 
kind of motion can take place. A groove-like cavity in gne bone 
fits closely and glides around the axis of # roller on the other bone, 
while the sides of the joint are kept tightly together by means of 
strong lateral ligaments. Examples of this form of joint are to be 
found between the phalanges of the digits and at the humero-ulnar 


joint. 
re The rotatory hinge, or pivot joint, is that in which a part 
moves round the axis of a bone, instead of the axis of rotation 
being at right angles to both bones, furming the joint as in an ordi- 
nary hinge. Such joints are seen at the head of the radius and 
at the articulation between the atlas and the adontoid process of 
the axis. 

4, A saddle-shaped joint is a kind of double hinge, in which each 
of the two articulating bones form a partial socket and roller, and 
hence there are two axes of rotation placed more or leas at right 
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angles one to the other. A good example of this kind of joint occurs 
between the thumb and one of the wrist bones. 

5, Spiral articulations are modifications of the hinge, in which 

the surface of the roller does not run “true,” but becomes eccentric, 
so that the surface of the roller forms really a part of a spiral by 
means of which the bone articulating with it is forced away from 
the central axis of rotation and becomes jammed as if stopped by a 
wedue. The best example of this is the knee. In this joint the 
axis of rotation is near the posterior surfaces of the bones, and passes 
transversely through the condyles of the femur, the surfaces of which 
form an arc, the centre for which corresponds to the axis of motion. 
In ordinary flexion the head of the 
tibia moves on the are around the axis 
s0 as to partially relax the lateral liga- 
ment and allow of some rotation on 
the axis of the tibia. When the head 
of the tibia moves forwards, in exten- 
sion, it becomes wedged ayainst the 
anterior part of the articnlar surf.ce 
of the femur, which present» an eccen- 
tric spiral-like curve, departing more 
and more from the centre of rotation Fie sios iD ngrain ot Ue actiatet 
as the articular surface of the tibia the knee-joint. 
proceeds forwards. The effect of this \ = articular surface of femur. 
is, that in extension of the lex the += ae asteak - es 
ligaments are made tense, and the (_ panavaen eco avvinng a! 
bones are firmly locked® together. 
Owing ty the inequality between the size of the internal and external 
condyles the axis of rotation is not at right angles to the axis of 
the femur, ut is at such an angle that extreme extension causes also 
a slight amount of outward motion of the leg. 

6. In the ball and socke* joints—the name of which implies their 
mechanism—the most varied movements occur. (Hip and shoulder.) 





STANDING. 


In order that an elongated rigid body may stand upriyht it is only 
necessary that a line drawn vertically through its centre of gravity 
should pass within its basis of support, and if the latter be sufficiently 
wide the object will remain permanently in that position. The 
human body is, however, in the first place not rigid, and in the 
second place the basis of support is too small to ensure a satisfactory 
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degree of steadiness. The act of standing must, therefore, be accom- 
plished by the action of certain muscles, which are employed in pre- 
venting the different joints from collapsing, and in so balancing the 
various parts of the body as to keep the whole frame from toppling 
over. 

In order to economise muscular energy while standing, we must 
lock as many of our joints as possible, and thus depend rather on 
the passive ligaments than upon muscle action for the rigidity of the 
body. With this object we are taught to place the heels together, 
turn out the tves, bring the legs parallel by approximating them, and 
extending the knees to the utmost, to straighten and to throw back 
the trunk so as to render tense the anterior hip ligaments, to direct 
the face straight forwards so as to balance the head evenly, and to 
let the arms fall by the sices. 

In this position, as a soldier stands at attention, the knee and hip 
joints remain fixed, without any effort on the part of the muscles, 
but it is far from being the most comfortable attitude one can assume 
for prolonged standing, and hence the position known best by the 
order “stand at ease” is adopted if more complete rest is desired. 
In this position the weight of the body is usually allowed to rest on 
one leg while the other lightly touches the ground to form a kind of 
stay and relieve the muscles which suriound the supporting ankle 
from too great an effort of balancing. At the same time the knee is 
extended and the pelvis becomes somewhat oblique so as to bring it 
more directly over the head of the femur. In ordinary easy stand- 
ing, the joints are not commonly kept locked hy the tension of the 
ligamentous structures, but their positiin 3s constantly being very 
slightly altered so as to vary the muscles employed in preserving the 
balance and thus to prevent fatigue. 

The joints most exercised in the erect posture are the following :-— 

1. The ankle has to support the weight of the entire body, while 
the joint is neither flexed nor extended to its utmost, and cannot 
be fixed in this position by ligamentous arrangements. The foot 
being placed on the ground. resting on the heel and the balls of the 
great and little toes, is supported in an arch-like form by strong, 
though elastic, ligaments, which allow but little motion in the numee 
rous joints. The bones of the leg can move in the freest way, back- 
wards or forwards, around the articular surface of the astragalus, which 
forms the roller of the hinge, any lateral motion of which is prevented 
by the malleoli. The line passing through the centre of gravity of 
the body generally falis slightly in front of the axis of rotation of 
the ankle-joint, so that the entire body tends to fall forwards at the 


fem reeroas 


anlilen, "ISde titdbdney ia checked. by the 


constantly kept up. 

2. kueo-joint, when completely oxtended, requires no wrnsctlay 
sttion $¢ prevent it from bending, because the linc of gravity then 
pemet in front cf the axis of rotation, and the weight of the body 
tends to bend the knee backwards, This is impossible om account 
of the powerfal ligaments which exert their traction behind the 
axis of rotation, Commonly, however, these ligaments are not 
put on the stretch in this way, but the joint is held, by museular 
power, in such @ position that the line of gravity passes just through, 
or very slightly behind, the axis of rotation of the joint, so that, if 
anything, there is a slight tendency for the knee to bend. Thia is 
completely checked, and the body balanced by the powerful extensor 
muscles of the thigh. 

%. In the hip joints, which have to support the trunk and head, the 
line of gravity falls just behind the line uniting the joints when the 
person is perfectly erect, so that here the body has a tendency to 
fall backwards. This is prevented by the strong ilio-femoral liga. 
ment, When, however, the knee is not straightened to the full extent, 
eo that the line of gravity passes through or a little behind the 
axis of rotation of that joint, then the pelvis is very slightly flexed 
on the femora so that the axis of the joints lies exactly in or a litéle 
behind the line of gravity, and thus the body inclines rather to fall 
forwanls, This tendency, however, is prevented by the powerfal 
giutei muscles, which also enhble us to regam the erect posture after 
bending the trunk forwards. ' 

The motions of which the pelos and vertebral column are capable 
are too alight to deserve attention here, The vertebral column, 
wedged in as it is between the two innominate bones, may be taken, 
together with the pelvis, as forming a very yielding and elastic, but 
practically jointless, pillar, the upper part of which can alone be 
bent to such an extent as to require mention in discussing the 
mechanism of station. 

The individual joints between the cervical vertebra permit but a 
slight amount of movement when taken separately, but by their 
aggregate motion they enable considerable extension and flexion of 
the peck to take place. These motions follow so closely, and are a9 
inseparably esociated with those of the head on the upper vertebra; 
thet there is ne need. to consider them separately from the latter. 

The atlanto-occipital joints wimit of some little lateral movermenly 

dh 






402 MANUAL OF PHYSIOLOGY. 


but that in the antero-posterior direction is much the more important, 
but even this woul! be insignificant were it not associated with the 
movements between the other cervical vertebree. 

The cranium has then to be balanced on the top of a flexible 
column, and rests immediately in a kind of socket, which can move 
as a double hinge around two axes at right angles one to the other. 
The vertical line from the centre of gravity of the cranium must 
vary with every forward, backward, or lateral movement of the 
head or neck, but in the erect posture it passes a little in front of 
the axis of rotation of the atlanto-occipital joint and somewhat 
behind the curve of the cervical vertebrae, so that the head may be 
said to be poised on the apex of the vertebral column, with some 
tendency to fall forwards. There are no ligamentous structures 
which can lock the joints» as to keep the head in the erect position ; 
therefore without the aid of muscular force the head will fall forwards 
or backwards according to the position it is in when the muscles 
become relaxed as in sleep. 

From the foregoing facts it will be seen that there exists a kind of 
co-ordinated antagonism at work in ordinary casy standing which keeps 
the elastic pliable body upright, without the rigidity adopted when 
standing “at attention.” The muscular action is more exercised 
when we are not on steady ground and varied co-ordination becomes 
necessary ; for instance, when we go on board ship for the first time, 
Station then takes some little time to become perfected, and requires 
new associations of movement. The vastrocnemius and soleus relax 
the ankle in a degree,just proportionate to the amount of flexion of 
the knee permitted hy the quadriceps exfensor cruris, while simultane- 
ously the great, gluteal muscle allows the body to incline forwards 
soasto keep its centre of gravity in the proper relation to the busis of 
support. 


WALKING AND RUNNING. 


The common act of progression is accomplished by poising the 
weight of the body alternately on one leg—called the supporting limb 
—and, with the other—the pendulous limb—tilting the body for- 
wards ont of equilibrium, and then swinging the latter lim.) furwards 
and placing it in front 0 as to prevent the body falling forwards, In 
its turn this then becomes the supporting leg. The swinging leg is 
deseribed as having two phases, (1) active while pushing off from 
the ground, and (2)‘ passive, while swinging forwards like a pen- 
dulum. In starting, one fovt is placed behind the other, so that the 
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line of gravity lies between the two, the hindmost limb having the 
ankle and knee a little bent. By suddenly straightening these 
joints it gives a “ push off” with the toes and propels the body for- 
ward so as to move it around the axis of motion of the fixed or 
supporting ankle-joint. At the end of the swing, the pendulous 
lex comes to the ground and leaves the other limb in the attitude 
ready for the push off. Thus on level ground walking is carried on 
with but small muscular exercise ; but in ascending a steep incline 
or golng up stairs, the supporting limb has to elevate the body at 
vach step by extending the knee and ankle joints by the thigh 
extensors and the calf muscles. 

Running is distinguished from walking by the fact that, while in 
the latter both fect rest on the ground for the greater part of each 
pace, in the former the time that cither foot rests on the ground is 
reduced to a minimum, and in fact the supporting limb disappears, 
The legs are kept in a semi-flexed position ready for the push off or 
spring, which is so forcibly carried out that the body is propelled 
through the air without any support. Thus.an interval—of greater or 
less duration according to the pace—exists during which both the feet 
are off the ground, as the moment either foot comes to the ground it 
executes a new spring without waiting for the pendulous swing 
described in walking. 


CHAPTER XXVII. 


VOICE AND SPEECH. 


THE human voice is produced by an expiratory blast of air being 
forced through the narrow opening at the top of the windpipe called 
the glottis. This glottis, which lies in the lower part of the larynx, 
is bounded on each side by the edges of thin, elastic, membranous 
folds that project into the air-passages. These membranous folds, 
called the vocal cords, are set vibrating by the current of air from 
below, and in turn communicate their vibrations as sound to the air 
in the air-passages situated albove them. 


ANATOMICAL SKETCH. 


The vocal apparatus is really a musical instrument of the reed-pipe 
kind. If we compare‘ it with the pipe of un organ, we find all the 
parts of the latter represented. The lungs within the moving thorax 
act as the bellows. The bronchi and trachea are the supply pipes and 
air box. The vocal cords are the vibrating tongues ; while the larynx, 
pharynx, mouth, and nose, act as the accessory or resonating pipes. 
The blast of air is produced and regulated by the respiratory muscles ; 
and special intrinsic muscles of the larynx change the conditions of 
the vocal cords so as to alter the pitch of the notes produced. Other 
sets of muscles, by altering the conditions of the resonating pipes, 
give rise to many modifications in the vocal tones, and thus produce 
what is called speech. 

The larynx, which may be regarded as the special organ of voice, 
is, in the’main, made up of four cartilages, viz., the cricoid, thyroid, 
and two arytenoids, jointed together so as to allow of considerable 
motion. Of these the inferior, the cricoid, is attached to the trachea 
which it joins to the others. It forms a ring, which is thin in front, b 
deep and thick behind, owing to a peculiar projection upwards of 
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posterior part. The thyroid consists of two side wings so bent so a8 
form the greater part of the anterior and lateral boundaries of the voice 
box, and can be felt easily in the front of the throat. It is articulated 
to the sides of the cricoid by its two inferior and posterior extremities, 


so that the upper part of the 
cricoid cartilage can move 
backwards and forwards. The 
arytenoid cartilages are little 
three-sided pyramidal masses 
placed on the upper surface 
of the posterior part of the 
cricoid, to which they are 
attached by a loose joint. 
They are so placed that one 
surface looks inwards, the 
second backwards, and the 
third forwards and outwarils, 
while the inferior surface rides 
on the cricoid. One point, 
therefore, looks forwards, and 
to itis attached the vocal cord 
on each side, hence it has 
been called the vocal process, 
The apex, which looks out- 
wards and backwaris, gives 
attachment to some of the 
intrinsic muscles and hence 
has Icey called the muscular 
process, 

The thyroid cartilage is 
connected with the cricoid 
below, and to the hyoid bone 
above by ligaments and tough 
membranes, which hold the 
parts together, fill in the in- 
tervals, and complete the 
skeleton of the larynx. 
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Fig. 196.—Antenor half of a transverse section 
through the larynx near its middle. More 
is cut away on the upper part of the right 
side. 1. Upper division of the laryngeal 
cavity ; 2. Central portion ; 3. Lower por- 
tion continued into 4, trachea; ¢, epi- 
glottis; «’, ite cushion ; ¢, thyroid cartilage 
seen in section. vil, true vocal cord at 
the rima glottidis ; s, ventricle of larynx ; 
a’, saccule, (A. Thomson.) 


The vocal cords are composed of small strands of elastic tissue, 
which are stretched between the anterior processes of the arytenoid 
cartilages and the inferior part of the thyroid, where they are attached 
side by side to the posterior surface of the angle formed by the junce 
tion of the two lateral parts or aloo of the thyroid. The mucous 
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membrane which lines the larynx is thin, and closely adherent over 


A’ 





Fig. 197.—Three dia- 
grams taken from 
laryngoscopic views 
of the superior aper- 
ture of the laryn< 
showing the position 
of the vocal cords 


the vocal cords, The surface of the laryngeal 
cavity is smooth and even, the lining membrane 
passing over the cartilages and muscles so as to 
obliterate all ridges except the vocal cords and 
two others, less sharply defined, called the 
false vocal cords, which lie parallel to and 
above the true vibrating cords. Between these 
is the cavity known as the ventricle of the 
larynx. 


MECHANISM OF VOCALISATION. 


Taking the thyroid cartilage as the fixed base, 
the cricuid and arytenoid cartilages undergo 
movements which bring about two distinct sets 
of chanves in the elottis and its elastic edges, 
namely, (1) widening and narrowing the open- 
ing; (2) stretching and relaxing of the vocal 
cords, During ordinary respiration the glottis 
remains about half open, the muscles being in a 
state of relaxation (B’). During forced inspiration 
the glottis is widely dilated by muscular ac- 
tion (C’). If an irritating gas be inspired, the 
glottis is tightly closed hy a spasmodic action of 
certain muscles, so that the true vocal cords act 
as a*kind of valve. « 

During vocalisation the glottis is formed into 
a narrow chink with parallel sides(A4, While the 
cords are made more or less tense, according to 
the pitch of the note to be produced ; both thexe 
changes being brought about by muscular action. 

The opening of the chink of the glottis is ac- 
complished chiefly by a muscle called the pos- 
terior crico-arytenoid, which passes from the 
posterior surface of the cricoid cartilage to the 
outer and posterior angle of the arytenoids. By 
pulling the latter point downwards and back- 
wards it separates the arytenoid cartilages, parti- 
cularly at their anterior extremity, where thecords 
areeattached. In this action they are aided by a 
small muscle connecting the posterior surfaces of 


the arytenoid, namely, the posterior arytenvid, which tends, when 
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the two arytenoid cartilages are held apart, to rotate them so that 
the vocal processes are separated. 

Thenarrowing of theglottisisexecuted by the lateral erico-arytenoids 
whichrun upwards and backwards from the antero-lateral aspect. of the 
cricoid to the muscular processes of the arytenvid cartilages. They pull 
the muscular processesforwards, and thusrotate the arytenoid cartilages 
s0 as to approximate the vocal processes to one another, while any 





Fig. 108.—Diagram of the 
sade view of the larynx 


showing the position of Fi. 19.—Diagram of the opening of the 
the vocal cords (v). larynx from above, (Huxley.) 
(Huxley. ) e Th. Thyroné cartilage. 

Ar. Arytenoid cartilage. ('r, Cricoid cartilage. 

Ay, Hyoid bone. .Iry, Superior extremities of the aryte- 

Th. Thyr&d cartilage. noid cartilages, 

Cr, Cricoid cartilage. 1. Vocal cords. 

Tr. Trachea. Th A. Thyro-arytenoid muscles, 

C.th. Crico-thyroid muscle. ad, Lateral crico-arytenoid muscle. 

Tht. Thyro - arytenoid (‘.a.p. Posterior crico-arytenoid muscle. 
muacle, -lr.p, Posterior arytenoid muscle, 


Ep, Epigiottis, 


tendency towards pulling apart the budies of the cartilazes, owing to 
the downward direction of the muscle, is overcome by the posterior 
arytenoid muscle and those muscular bands which pass from the 
posterior surface of the arytenoid cartilages to the epiglottis and the 
upper part of the thyrvid cartilage, the external thyro-urytenoid, and. 
the thyro-ary-epiglottic muscles (Henle), The other fibres, which 
pass directly from the arytenvid to the thyroid cartilages—internal 
and external thyro-arytenoid muscles—in the same direction as the 
vocal cords, complete the closure by helping to press together the 
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vocal processes and by approximating the cords themselves. In 
spasmodic closure of the glottis, all these latter muscles act violently 
together, and have been grouped by Henle as the constrictor of the 
glottie. Relaxation of the vocal cords accompanies voluntary closure 
of the glottis, as in holding the breath, when the false vocal cords are 
said to have a valvular action. But the muscular fibres, which run 
from the arytenoid cartilayes to the thyroid, nearly parallel to the 
true vocal cords, are those concerned in the act of relaxation when 
the cords are active. They pull forwards the arytenoid cartilages, 
and at the same time draw the upper part of the cricoid slightly 
forwards. Moreover, these muscles have an all-important action in 
adapting the edges of the cords and the neighbouring surfaces to the 
exact shape most advantagevus to their vibration. 

The stretching of the vocal cords is caused by the contraction of 
one muscle, the crico-thyroid, which, on the outer side of the larynx, 
passes downwards and forwards from the lower part of the thyroid to 
the anterior part of the cricoid cartilage. It thus pulls the anterior 
part of the cricoid cartilage upwards, causing it to rotate round an 
axis passing through its thyroid joints. The upper part of the 
cricoid, which carries the arytenoids, is thus removed from the 
anterior attachment of the vocal cords, and the membranes are put 
on the stretch. 

The requirements necessary for the production of voice are the 
following :— 

1. Perfect elasticity and clearness of edge of the vocal cords, and 
freedom from all surfage irregularity, such as would be caused hy 
thick mucus adhering to them, or any abnormality. 

2. The cords must be very accurately adjusted, closely ,approxi- 
mated together, and kept parallel, almost touching each other evenly 
throughout their entire length. 

3 The cords must be held in a certain degree of tension, or the 

vibration doea not produce any vocal tone, but simply a raucous 
noise. 
4, The air must be propelled through the glottis by a forced expi- 
ration. The normal expiratory current is too gentle to give the 
necessary vibration. After the operation of tracheotomy, the 
air escapes through the abnormal opening, and sufficient preasure 
cannot be, brought to bear on the cords, #0 no yocal sound can be 
produced, and the person speaks in a whisper, unless the exit of 
air through the tracheotomy tube is prevented by placing the finger 
temporarily upon the opening. 
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PROPERTIES OF THE HUMAN VOICE. 


In the voice we can recognise the same properties as are noted in 
other kinds of sound. These are quality, pitch and intensity. 

(1.) The quality of vocal sounds is almost endless in variety, 
as is shown by the vocal capabilities of different individuals, The 
quality of tone of any musical sound depends upon the relative 
power of the fundamental note, and of the overtones that accompany 
it. The less disturbed the fundamental notes are by overtones, the 
clearer and better is the voice. This difference in quality of the 
human voice depends upon the perfectness of the elasticity, the 
relation of thickness to length, surface smoothness, and other phy 
sical conditious of the cords themselves, and the exactitude with 
which the muscles can adapt the surfaces. For singing well, much 
more is necessary than good quality of tone, which is common 
enough, The muscles of the larynx, thorax, and mouth must be all 
educated to an extraurdinarily high degree. 

(2.) The pitch of the notes produced in the larynx depends upon— 
first, the absolute Jength of the vocal cords. This varies with age, 
particularly in males, whose vocal organs undergo rapid growth at 
puberty, when the voice is said to crack. The vocal cords of women 
have been found by measurement to be about one-third shorter 
than those of men, and people with tenor voices have shorter cords 
than basses or baritones. Secondly, on the tension of the cords: 
the tighter the vocal cords are drawn by the crico-thyroid muscles, 
the higher the notes produced ; and the well-known singer Garcia 
believed he ob-erved with Yhe laryngoscope the vocal processes so 
tightly pressed together as to impede the vibration of the posterior 
part of the cords, and by this means they could be voluntarily 
shortened. 

(3.) Intensity or loudness of the voice depends solely on the strength 
of the current of air, The more powerful the air-blast the greater 
amplitude of the vibrations, and hence the greater the sound pro- 
duced. The narrower the chink of the glottis, and the tighter the 
parallel cord» are stretched, the less is the amount of air and the 
weaker is the blast required to set them vibrating ; and rice verad, 
the looser the cords and the wider apart they are, the greater the 
volume and the force of the air current necessary for their complete 
vibration. ‘ Hence it is that an intense vibration or loud note can 
be produced much more easily with notes of a high pitch than with 
very low notes, and we find singers choosing fot their telling crescendo 
some note high up in the range of their voice. 
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The human voice, including all kinds of voice, extends over about 
three and a-half octaves. Of this wide range a single individual can 
seldom sing more than two octaves, The soprano, alto, tenor, and 
bass forming a descending series, the range of each one of which 
considerably overlaps the next in the scale. 

Durtmg the ordinary vocal sounds, the air, both in the resonating 
tubes above the larynx and in the windpipes coming from below, 
is set vibrating, so that the trachea and bronchi act as resonators as 
well as the pharynx, mouth, &c. This may be recognised by plasing 
the hand on the thorax, when a distinct vibration is communicated 
from the chest wall. Such tones are, therefore, spoken of as chest 
fiotes. Besides the chest tones of the ordinary voice, we cau produce 
notes of a higher pitch and a different quality, which are called head 
notes, since their production is not accompanied by any vibration of 
the chest wall. The physical contrivance by means of which this 

falsetto voice is brought about is not very clearly made out. The 
following are the more probable views :—(1) It has been sugvested 
that in falsetto only the thin edges of the cords vibrate, the internal 
thyro-arytenoid muscles keeping the base of the cord fixed ; while with 
chest tones a greater surface of the cord is brought into play. (2) The 
cords are said to be wider apart in falsetto than in chest notes, and 
hence the trachea, &c., ceases to act as a resonator. (3) Or the cords 
may be arranged sv that only one part of them, the anterior, can 
vibrate, and thus they act as shortened cords, a “stop” being placed 
on the point where the vibrations cease, by the internal thyro- 
arytenoid muscle. * ‘ 

The production of a falsetto voice is distinctly voluntary, and 1s 
probably dependent upon some muscular action in iImmediaty relation 
to the cords, for it is alwavs associated with a sensation of muscular 
exertion in the larynx as well as with changes that take place in the 
eonformation of the mouth und other resunating tubes. 


NERVOUS MECHANISM OF VOICE. 


The nervous mechanism by means of which vocal sounds are pro- 
duced is among the most complexly co-ordinated actions that regulate 
muscular movements. 

Like regpiration, vocalisation at first secs a simple voluntary 
act, rounds of various kinds being produced at the command of 
the will of the individual. No doubt the respiratory muscles, 
which work the bellows of the voice organ, are under the control of 
the will so long as the respiration is not interfered with. The mouth 
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and throat muscles which shape the resonating tube are also volun- 
tary. But the intrinsic muscles of the larynx are only voluntary in 
a, certain sense, while in anothcr they are distinctly involuntary, as 
may be seen in spasm of the larynx ; for they are, in part at least, 
controlled hy impulses which arise at the organ of hearing and pass 
to some co-ordinating centre, which arranges the finer muscular move- 
ments necessary to produce a certain note. When we sing any note 
struck on a musical instrument, we set the expiratory, mouth, and 
general vocalising muscles in readiness for the proper application of 
the air blast by a voluntary act ; but the exact tuning of the vocal 
cords is accomplished in some measure reflexly by impulses coming 
from the ear to a special co-ordinating centre, the education of which 
is commonly in advance of the volition centres, and therefore can 
only be controlled by the latter in persons specially educated to 
music, Some persons who can sing a given note with promptness and 
exactitude without any effort, would find much difficulty in over- 
coming, by volition, the accuracy of this perfect reflex mechanism. 
In fact, a person with a good ear finds it difficult to sing out of tune, 
even if he try. 

Though we feel that we have command over the pitch of our sound- 
producing organ, we owe much to the aid of our sound-appreciating 
organs and the nerve centres which they have in connection with 
them. 

SPLECH. 

The variations in vocal sounds which give yise to speech are not 
produced in the larynx, but in the throat, mouth, and nose. When 
unaccompgnied by any vocal sound, speech only gives rise to a 
whisper ; but when a vocal tune is at the same time produced, 
we have the ordinary loud speaking. Since vocal tones can only be 
produced by expiration, +o we can only speak aloud by means of an 
expiratory current of air; but an inspiratory current may be made 
to give rise to a kind of whisper. 

Speech is composed of two kinds of sounds, in one of which the 
sounds must be accompanied by a vocal tone, and are hence called 
“vowels ;” in the other no vocal tune is necessary, but changes in 
shape take place in the resonating chambers, s0 as to give rise to 
noises called consonants, As the pronunciation of the consonants is 
usually accompanied by some vowel sound, and further from the fact 
that the difference between the vowels is brow ht about by changes 
in the shape of the mouth, the distinction between the two sets of 
sounds is rather artificial than real, 
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The production of the different vowel sounds depends upon such a 
change being brought about in the shape of the mouth cavity and 
aperture, that a resonator with a different individual note is formed 
for each particular vowel. 

The sounds called consonants are caused by some check or impedi- 
ment being placed in the course of the blast of air issuing from the 
air-passages. They may be classified, according to the part at which 
the obstruction occurs, as follows :— 

1, Lattals, when the narrowing takes place at the lips, as in pro- 
nouncing J, p, f, v. 

2. Dentals, when the tongue causes the obstruction by being pushed 
against the hard palate or the teeth, as in ¢, ¢, s, d. 

3. Gutturals, when the posterior part of the tongue moves towards 
the soft palate or pharynx, as in saying 4, g, gh, ch, 1. 

Consonants may also be divided into different groups, according to 
the kind of movements which give rise to them. 

1. Explosives are produced by the sudden removal of the obstruction, 
as with p, d, k. 

2. Aspirates ure continuous sounds cauxed by the passage of a cur- 
rent of air through a narrow opening, which may be at the lips, as in 
f, at the teeth as with s, or at the throat as in ch. 

3. Resonanis are the sounds which require some resonance of the 
vocal cords, and the air current is suddenly checked by closure of the 
lips, as in m, or the dental aperture as in 2 or ng. 

4, Vibratory, of which 7 is the example, requires a peculiar vibration 
of the vocal cords, whle either the dental or the guttural aperture 
is partially closed. 


CHAPTER XXVIII. 
GENERAL PHYSIOLOGY OF THE NERVOUS SYSTEM. 


ANATOMICAL SKETCH. 


THE nervous system is the apparatus by which the distant parts 
of the body are kept in constant rclationship with one another, so 
that a change of state of any one organ is communicated to and may 
set up corresponding changes in remote parts of the system, It is 
made up of two varieties of tissue, both of which possess special vital 
properties. The one, which is composed of thread-like strands of 
protoplasm—nerve fibres—connect together the elements of the other 
group, the nerve corpuscles, which form cither peripheral or 
central terminals. Nerve fibres are then simply special con- 
ducting agents, having at one extremity a special terminal or nerve 
cell for sending impulses, and at the other extremity other cells for 
receiving the same. These terininal organs, between which the 
nerve fibres pass, are the agent» which determine the direction the 
impulse is to travel along the nerve. The sending organ is some 
times at the peripheral end, of the nerve, ail the receiver in the 
nerve centres, as in the case of an ordinary cutaneous nerve, which 
carries Lapulses from the skin to the brain; or these duties of 
the terminal organs may be reversed, as in the case of the nerves 
conveying impulses from the brain tv the muscles. 

The former kind of nerves are called afferent or centripetal, and 
the latter cfferent or centrifugal. Nerves are capable of carrying 
impulses in either direction, as has been proved by cutting the 
afferent lingual and the efferent hypoglossal nerves and causing the 
proximal end of the former to unite with the distal end of the 
latter, which is distributed to the muscles of the tongue. When the 
union has taken place, a stimulus applied on the afferent portion 
causes the muscles to move. 

Any piece of protoplasm can conduct impulses, as is seen in the 
rapid transmission of an impulse in animals anj textures which have 
no special conducting elements or nerve fibres. Thue in the hydra 
all the cells act as nerves, and in the higher animals an impulse, 
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producing a wave of contraction, can pass on from one muscle cell 
to the other directly, as is seen in the ureter, or in the frog’s heart. 
The only essential part of a nervous conductor is a delicate proto- 
plasmic fibril. Single, thin, thread-like fibrils are commonly found 
carrying impulses in the nerve centres. But in the nerves distri- 
buted about the body one does not meet these single protoplasmic 
threads (except where the fibrils are interwoven to form terminal 
networks, as seen in the cornea), but the fibrils are clustered together 
in large bundles, so as to make one nerve fibre, This bundle of 





Fig. 200.—Highly magnified yiew of three 


medullated and two non-medullated ' ° 
merve fibres of frog, stained with Fig. 201.— Transverse section of 
osmic acid, which makes the medul- nerve fibres, showing the axis 
lary sheath black. cylinders cut across, and looking 
: like dots surrounded by a clear 
N.—Nodes of Ranvier—where the axis zone, which is the medullary 
cylinder can be seen to pasa the gap n sheath. Fine connective tissue 
the medullary sheath. separates the fibres into bundles, 


protoplasmic fibrils is, in the peripheral nerves, always covered, and 
is called the axis cylinder of the nerve fibre. In some nerve fibres 
there is but one very thin transparent covering, termed the primitive 
sheath, while in others there is a thick layer of doubly-refracting 
fluid inside the primitive sheath, in immediate contact with the 
fibrils of the axis cylinder. This is called the medullary sheath, or 
white substance of Schwann, because its peculiar refractive properties 
make it look white when viewed in a direct light. According as 
the nerves have or have not this medullary sheath, they have been 
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termed “white” or “grey.” The former are by far the most plen- 
tiful, since they make up the greater part of the ordinary nerves, 
while the grey fibres only predominate in the sympathetic nerve and 
its ramifications and parts of the special sense organs. 

An ordinary nerve, then, is made up of a large number of fibres, 
held together by connective tissue, and each of the fibres contains a 
vast number of fibrils within its sheath. 


FUNCTIONAL CLASSIFICATION. 


Nerve fibres may be classified according to their function, in the 
following way :— 

I, Afferent nerves, those which bear impulses from the surface to 
the nervous centres. These may be further divided into : 

(a.) Sensory nerves, when the impulse they convey gives rise to 2 
“perception.” The perceptions may he the special sensations which 
are transmitted from the organs of special sense, or those of general 
sensation, giving rise to pleasure or pain. 

(b.) Reflex nerves, which communicate the impulse to some other 
nerve elements, and thus give rise to some new forces, without any 
perception of the stimulus, According to the result of the excitation 
resulting from their reflected impulse they are termed—excito-motor, 
excito-secretory, and excito-inhibitory, Kc. 

(c.) Those nerves which act both os sensory and reflex nerves ; 
these are the most numerous, the sensory or reflex action depending 
upon the condition of the nerve centres, 

II. Efferent nerves, which earry impulses from the centres to the 
various organs throughout the body. According to the effect their 
excitatiof’ produces they are termed : (a) motor, going to muscles 
and causing them to contract ; (8) secretory, the stiinulation of which 
calls forth the activity of a gland ; (y) inhibitory, when they check or 
prevent some activity by the impulses which they carry ; (8) vaso-motor 
nerves, Which regulate the contraction of the muscular coat of the 
blood-vessels ; (€) trophic, thermic, electric nerves are also to be 
named, the two former being of doubtful existence, and the latter 
being only found in those animals which are capable of emitting elec- 
tric discharges, such as the electric fishes. 

III. Intercentral nerves are those which act as bonds of union be- 
tween the several ganglion cells of the nervous centres, which are con- 
nected, in the most elaborate manner, one with the other. As the 
terminals of these fibres are both probably reveiving and directing 
agents, the delicate strands cf protoplasm communicating between 
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them probably convey impulses in different directions, but of this 
we can have no definite idea, although sud&' supposition would aid 
us in forming a mental picture of the mannesin which the wonder- 
fully complete intercentral communications are accomplished. 


Mong or INVESTIGATION, 


In order to investigate the functions of the different nerves s 
knowledge of their central connections and their peripheral distri- 
bution is necessary. But anatomical knowledye, however perfect, 
does not convey an adequate notion of their function, as may be amply 
seen from deductions made by anatomists, many of which have not 
borne experimental tests. 

The procedure adopted in testing the function of a nerve is the 
following. The nerve is exposed and cut, and it is observed whether 
there be any loss of sensation or muscular paralysis in the part to 
which it passes. The cut ends are then stimulated, and the results 
are observed. The end of the part connected with the centres is 
spoken of as the central or proximal end, and that belonging to the 
part leading to the distribution of the nerve, is culled the peripheral 
or distal end. If the nerve be purely motor, stimulation of the 
proximal end will yield no result, but when the distal end be irri- 
tated, active movements follow. If, on the other hand, it be a 
sensory nerve, stimulation of the distal end gives no result, and that 
of the proximal end produces signs of pain. In a compound nerve 
some response is obtained when either the distal or proximal end is 
irritated. ; 


had e 


CHEMISTRY OF NERVE FIBRES. 


The axis cylinder of nerves is probably composed, as already men- 
tioned, of protoplasm ; further than that nothing is known of its 
chemical properties. The medullary sheath yields certain substances 
which are related to the fats, and can be extracted with ether and 
chloroform. Among these is the peculiar compound nitrogenous 
fat, lecithin containing phosphorus, also cholesterin, cerebrin, and 
kreatin, 


. Execrric Prorgrrres or Nerves. 
Like muscle, nerves may be regarded as having a state of rest and 


a state of activity, buf the two states are not obvious in the same 
striking way as they are in muscle, nor do we know much of the 
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physical properties of nerve. While at rest, however, it shows 
electric phenomena similar to those which have already been de- 
scribed as belonging te muszle tissue. These electrical currents 
are contemporaneous with the life of the nerve, and they undergo 
the same variation as occurs in muscle when the nerve passes into 
the active state; that is, when it transmits an impulse. 

The so-called natural current of nerve is practically the same as 
that of muscle, passing in the nerve to the central part from the cut 
extremities of the fibre; that is to say, the current passes through the 
galvanometer from the electrode applied to the middle of the nerve, 
to that applied to the extremity. The electro-motive force of a 
small nerve is much less than that ofa muscle. In a frog’s sciatic 
it has been estimated to be 902 of a Daniell cell. The natural 
current of the frog's nerve is said to Increase In intensity in propor- 
tion to the increase in temperature up to about 20°C., after which it 
decreases, 

Experiments on nerve currents must be carried on with all the 
precautions mentioned in speaking of muscle currents, and with the 
non-polarisable electrodes there figured (page 371). 


THe ACTIVE STATE OF NERVE-FIBRES. 


Nerves pass into a state of activity in response to a variety of 
stimuli; their changed condition, however, cannot he readily re- 
cognized, because the only change we can detect in the nerve is that 
in its clectric state. We son know, however, when a nerve is 
conducting an impulse, if it be connected with its terminals. In the 
cise of a®nerve bearing impressions from the skin to the nerve 
centres, We vet evidence of a sensation being felt, and when the nerve is 
motor—that is, bearing impulses from the centres to the muscles, we 
judyue of the state of activity of the nerve hy means of the muscle 
contraction which it brings about. For all ordinary experimental 
purposes we use the nerve of a frog with the muscle it supplies 
intact. This nerre-musele preparation is commonly made from 
the leg of a frou, the sciatic nerve being carefully prepared 
from the thigh, while the gastrocnemius is cut away from all its 
attachments except that to the femur, which is retained as a point of 
fixation. In fact, the same method as is used for the indirect stimu- 
lation of muscle is employed for the study of the excitability of 
nerve-fibres. 
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NERVE STIMvtti. 


Besides the normal physiological impulse which comes from the 
cells in connection with the nerve fibres, they may be made to pass 
into the active state by a variety of stimuli, differing little from 
those which are found to affect muscle, when applied directly to that 
tissue. They may be enumerated as follows :— 

1. Mechanical stimulation. Almost any mechanical impulse, applied 
to any part of a nerve, causes its excitation. The stimulus must have 
a certain degree of intensity, and have a definite, though it may be a 
very short, duration. If mechanical stimuli be frequently applied to 
a nerve in the same place, the irritability of the part is soon 
destroyed ; but if fresh parts of the nerves be stimulated, at each 
blow the nerve passes into a state of tetanus, as shown by the con- 
traction of the muscle to which it is supplied. 

2. Chemical stimulation. First, must be named drying of the fibre, 
whether this be caused by ordinary evaporation, or facilitated with 
blotting paper, exposure over sulphuric acid, or the addition of 
solutions of high density, such as syrup, glycerine, or strong salt 
solution. Secondly, strong metallic salts or acids irritate nerves. 
Thirdly, alcohol and ether, and a solution of bile; and lastly, even 
weak alkalis, except ammonia, which has no effect on nerve, although 
it acts on muscle when applied directly to that tissue. 

3. Thermic stimulation occurs when sudden changes are brought 
about approaching either of the extreme temperatures at which the 
nerve can act ; 2.¢., near 5° or 50°C. 

4. Electric ‘stimulation is by, far the most important for physio- 
logists, being the most delicate, most easily applied and regulated, 
and the least injurious to the nerve tissue. A» was mentioned with 
respect to muscle, any sufficiently rapid change of intensity in an 
electric current passing through a nerve causes in it the molecular 
changes we call excitation, as evidenced by the muscle contracting, 
and the natural electric currents of the nerve undergoing variation. 
The less the absolute intensity of the current, the greater the effect 
any given change in intensity causes. The muscle of a nerve-muscle 
preparation contracts, when a weak constant current, say from a single 
small Daniell cell, is suddenly allowed to pass through the nerve. 
This is’ done by placing a part of the nerve in the circuit, 
which is made complete, by closing a key, when the stimula- 
tion is to be applied: This form of stimulation is called a making 
shock, While the current is allowed to pass through the nerve no 
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effect is produced if the battery be quite constant. On breaking the 
circuit by opening the key the current suddenly ceases, and another 
contraction occurs, this is called the breaking shock. At each making 
and breaking of the constant current, a stimulus is applied to the 
nerve, and transmitted to the muscle, and it has been found that a 
weaker current suffices to bring about a contraction when applied to 
the nerve, than when it is applied to the muscle directly. 

If a strong constant current be allowed to pass through a con- 
siderable length of a nerve for some little time, and the circuit be 
then suddenly broken, instead of a single contraction tetanus of the 
muscle results. This breaking tetanus (Ritter’s tetanus) is easily pro- 
duced when the positive pole or anode is next the muscle. Sometimes 
in particular conditions of the nerve, and with certain strengths of 
stimulation, a making tetanus also occurs, but more rarely and only 
when the negative pole is next the muscle. 

When a constant current, such as we get directly from a Daniell 
cell, is used, that part of the nerve between the stimulating points, 
through which the current passes is found not to be equally affected 
throughout its entire length, but one single point 1s stimulated 
whence the impulse spreads. This inay be the point where either 
of the poles is in contact with the nerve ; and further, a different 
pole starts from the stimulus, according as the circuit is made 
or broken. With a making shock the stimulation takes place at 
the negative pole or cathode, and with a breaking shock at the positive 
pole or anode. That is to say the point where the current leaves the 
nerve is affected at the make, anil the point where the current enters 
the nerve is affected at the break of the current. 

It has gleo been found that, other things being equal, the making 
shuck is a more powerful stimulus than the breaking shock ; ae, a 
weak current will sooner cause a contraction when the circuit is made 
than when it is broken. 

This remarkable fact that the impulse starts from the anode in 
a breaking shock is proved by means of the breaking tetanus just 
alluded to. It has been found that when the positive pole or anode 
is next to the muscle the breaking tetanus lasts longer ani is stronger 
than when the anode is placed at a greater distance from the muscle 
than the cathode ; and further, when the anode is beyond the cathode 
section of the nerve in the intrapolar region, during stimylation the 
tetanus stops it at once, because the point from which the stimulus 
comes is thereby cut off from the muscle. Section has no effect 
if the anode be next the muscle, the tetanus proceeding in a normal 
way, only the inactive pole being cut away from the muscle. 

EE 2 
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That the stimulus occurs at the cathode in a making current may 
also be demonstrated by the fact that it takes a certain measurable 
time for the impulse to travel along the nerve, If then the cathode 
be placed far from the muscle and the anode near it, the contraction 
after a breaking shock, when the stimulus starts from the anode, will 
occur sooner than that which follows the making, when the stimulus 
starts from the cathode, because the impulse has a less distance of 
nerve to traverse in the former case. 

In ordinary experiments on nerve, a constant current, 1.¢, one 
coming «directly from a battery, is seldom used, because there is no 
means of regulating or varying the strength of the stimulation, and it 
is not convenient to make and break the current in order to excite 
the tissue continuously. And further, the more rapid current 
induced in one coil of wire—the secondary coil—by the making or 
breaking of a current passing through another coil—the primary coil— 
is more effective and suitable for physiological purposes. The strength 
of the induced current being approximately in inverse proportion to the 
square of the distance between the two coils—moving the secondary 
away from the primary coil gives a ready means of varying and 
regulating the strength of the stimulus without any special care being 
devoted to the exact strength of the element used. 

DuBois Reymond’s Inductorium is the instrument commonly used 
in physiological laboratories. In it the secondary coil can be moved 
away from the primary on a slide which is graduated, and the 
primary current may be made to pass through a magnetic inter- 
rupter so as to cause q rapid succession of breaks and makes, and 
thus give a series of stimulations one after another, which is necessary 
in order to produce tetanus. A drawing and further description of the 
instrument will be found at p. 376. 


VELOCITY OF NERVE FORCE. 


It has already been stated that nerve fibres are capable of con- 
ducting impulses in either direction—from or to the nervous 
centres—the position and the character of the terminal organs 
determining the direction in which the nerve force usually travels. 
In the ordinary peripheral nerves there are generally both kinde— 
efferent and afferent fibres carrying impulses in different directions 
without interfering with one another. 

When we reflect that the passage of an impulse along a nerve is 
Leought about by a mdlecular change in the axis cylinder, we are at 
ence struck with the rapidity with which impressions are transmitted 
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from one part of the body to another. This surprising velocity is, 
however, only relatively great. When we compare it with the 
velocity of the electric current or of light, we at once see how incom- 
parably slower the rate of nerve impulse is, and that it may, with more 
advantage, be compared with rates of motion commonly under our ob- 
servation. To take every-day examples :—v1z., nine metres per second 
is about as fast as the quickest runner can accomplish his 100 yards ; 
race-horses can gallop about 15 metres a second for a mile or so; a 
mail train at full speed travels at about 30 metres a second, and the 
velocity of nerve force has been estimated to be in cold-blooded 
animals 27 metres per second; and in man about 33 metres per sec. 
So that the intercommunications between man’s brain and the various 
parts of his body only travel about the same rate as an express train, 
and about twice as fast as the quickest horse can gallop. 

In order to measure the rate of transmission of nerve force, different 
methods may be employed ; the simplest of which is to make a muscle 
draw two curves one over the other, with a good myograph such as de- 
scribed in Chap. XVL., p.382,in one of which the stimulation is applied 
to the nerve close to the muscle, aud in the other, as far as possible 
away from the muscle. The difference in length of the latent period, as 
estimated by the tuning-fork tracing, corresponds to the time the 
impulse has taken to travel along the part of the nerve between the 
two points of stimulation. 

Utilising the fact that the extent of deflexion of the needle of a 
galvanometer is in proportion to the duration of a current of known 
strength passing through it for a short time, an accurate measurement 
of the difference in time, o? remote, and near or direct stimulation of 
a nerve, may be made. By a special mechanism the time-measuring 
current is sent through the galvanometer at the same moment that 
the stimulating current goes through the nerve, and the instant the 
muscle begins to contract, it breaks the current passing through the 
galvanometer, so that this time-meusuring current lasts only from the 
moment when the nerve is stimulated until the muscle begins to 
contract. 


Taz Exvecrric CHANGE IN NERVE. 


Negative Variation.—The natural current of a nerve, like that of 
muscle, undergoes a diminution at the moment the nerve is stimu- 
lated ; this is termed the negative vartation. It occurs with any other 
form of stimulation as well as when an electric shock is used, so it is 
not dependent on an escape of the stimulating current. In the case of a 
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single stimulation, the negative variation is so rapidly over—lasting 
only 0005 sec., that the imertia of the needle of the galvanometer 
prevents the change in the current being indicated. In tetanus, how- 
ever, it makes a decided impression on the galvanometric needle. 
The strength of the negative variation depends on the condition of 
the nerve and the strength of the stimulus ; being stronger when the 
nerve is fresh and irritable and has a good natural current, and 
when a strong stimulus is applied. 

The negative variation of the natural currents passes along the 
nerve from the point of stimulation in both directions, just as does 
the nerve impulse; and with a galvanometer the electric change 
may be traced from the nerve to the muscle. Moreover, it has 
been made out that the negative variation travels along the nerve at 
just the same velocity as the impulse does from the point of stimula- 
tion ; namely, about 27 metres per second ; and further, this rate is 
said to be influenced in the same way by the passage of a constant 
current through the nerve (to be presently described) as is the impnlae 
derived from stimulus, These points seem to lead to the belief that 
the nerve impulse and the negative variation are identical. This 
peculiar electric change and its accompanying impulse pass then 
along the nerves as a kind of wave of activity, the speed and the 
duration of which we know to be 27 metres per sec. and ‘0005 of a 
sec. respectively ; the length of the wave we therefore calculate to 
be about 16 millimetres. 


¢ ELECTROTONU6. 


If the two poles leading to a galvanometer be applied to the 
centre, and to the end of a nerve respectively, so as to indicate the 
natural current, and at the same time another part of the nerve be 
placed in the circuit of a constant current from a battery, when the 
circuit of the constant (now called polarisiny) current is completed, 
a change is fuund to take place in the natural current; this is 
called electrotonus. Instead of the natural currents from the equator 
to the pole of the nerve, a current is found to pass through the 
entire length of the nerve in the same direction as the polarising 
current from the battery. This electrotonic current is not propor- 
tional to the strength of the natural currents, and is to be recognised 
when the ldtter are no longer to be found. The electrotonic current 
is stronger with a strong pvlarising current, and is most marked in 
the immediate neighbotrhood of the poles fading gradually away as 
one passes to the remoter parts of the nerve. The electrotonic state 
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is not to be attribute to an escape of the constant polarising current, 
because it decreases gradually with the waning of the physioloyical 
activity of the nerve, and ceases at the death of the nerve long before 
the tissue has lost its power of conducting electric currents, More- 
over, it has been shown that a ligature applied to the nerve so as to 
destroy its physiological continuity, but not its power of carrying 
electric currents, prevents the electrotonic current passing to the part 
of the nerve which is thus separated. 





Fig. 202 —Diagram to illustrate Electrotonus. 


x. nN’. Portion of Nerve. «a. a’. Galvanometers. pv. Battery from which polarising 
current can be sent into nerve by cloang key x. The direction of the polarising 
and electrotonic currents 1s igdicated by the arrow:, and is seen to be the same. 


The cgndition of the portion of the nerve near the anode—positive 
pole—~is found to differ somewhat from that near the cathode—negative 
pole—and hence it is found convenient to speak of the region of the 
anode being in the anelectrotonic, and that near the cathode being in 
the catelectrotontc condition. A certain time is required for the produc- 
tion of anelectrotonus and catelectrotonus, a current of leas duration 
thun ‘0015 of a second being unable to bring about the change ; the 


negative variation is, therefore, over before the electrotonus has 
commenced, 


IRRITABILITY OF NERVE FIBRES. ‘ 


The irritability of nerves varies according to certain conditions 
and circumstances, While uninjured in the,body, the irritability of 
@ nerve depends upon— 
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1, A perfect supply of bluod so as to bear to it the necessary quan- 
tity of new material as nutriment, and to carry off any injurious 
effete matters that may be produced by its molecular changes. 

2. A suitable amount of rest. Prolonged activity causes fatigue 
and loss of irritability, no doubt from the same causes as were men- 
tioned as bringing about fatigue in muscles. The chemical changes 
taking place in nerves, however, have not yet been made out with any 
degree of accuracy. 

3. Uninjured cynnection with the nerve centres. When a spinal 
nerve is cut, the part connected with the periphery rapidly 
undergoes degenerative changes which seem to depend upon faulty 
nutrition, since they are accompanied by structural changes—fatty 
degeneration, This appears to commence in a very short time after 
the section—commonly in about five days. The part of the nerve 
remaining in direct connection with the cord, retains its irritability 
for a very much longer time. 

In the artificial stimulation, by means of electric shocks applied tu 
the nerve of a cold-blooded animal, there are many minor conditions 
which have considerable influence on the irritability, as evidenced 
by the response given by the attached muscle to weak stimuli, The 
more important of these are :— 

1. Temperature changes. In the case of a frog’s nerve, a rise of 
temperature to 30—40° C. causes an increase in its excitability. Alsou 
a fall of temperature below zero tends to make the nerve mure easily 
excited. Both these conditions have, however, a very fleetiny effect, 
for the nerve soon dies at the temperatures named, and most probably 
the increased irritability is only to be taken as a sign of approaching 
death. It thus appears that a medium temperature is the optimum 
for nerve work. . 

2. The part of the nerve stimulated, is also said to have some 
effect on the result of a given strength of stiinulus, The further from 
the muscle, the more powerful the contraction produced, other things 
being equal. So that the impulse is supposed to gather force as it 
goes, as in the case of a falling body, and hence has been spoken of 
as the avalanche action of nerve impulse. 

3 A new section of the nerve is said to increase its irritability, as 
does, indeed, any slightly stimulating influence, such as drying, and 
chemical or mechanical meddling of any kind. Tlis increase in 
irritability*probably depends upon injurious changes going on in the 
nerve, as the influences just alluded to lead to complete loss of 
excitability if carried tvo far. 

4. The most remarkable change in the excitability of a nerve, 
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is that brought about by the action of a constant current passing 
through the nerve, so as to set up the conditions just described as 
anelectrotonus and catclectrotonus. (a) The irritability of the nerve 
is considerably increased in the region near the cathode, and it is 
notably diminished in the neighbourhood of the anode. 

(8) The increase of irritability isin proportion to the intensity of the 
catelectrotonic state, and the decrease in proportion to the intensity 
of the anelectrotonus. Thus the increase is most marked in the 
immediate neighbourhood of the cathode, aud fades with the distance 
from the negative pole ; and similarly, the decrease is strongest at 
the anode, and becomes less and less as it passes away from the 
positive pole. In the same way, in the part of the nerve between 
the two poles—the intrapolar region—the decrease and increase of 
iiritability become less marked towards the middle point, between 
the cathode and the anode, so that here we find an unaffected part, 
which has been called the indifferent point. 

It is a remarkable fact that this indifferent point is not always 
midway between the two poles, but decreases its distance from the 





Fig. 208.—Diagram illustrating the variations of irritability of different parte | 
nerve during the passage ‘of polarising currents of varying strength through a 


portion of it, 
4 = Anode ; » = Cathode; an = Intrapolar district; y! = Effect of weak current. 
y2 = Effect of medium current. y§ = Effect of strong current. 


The degree of effect is shown by the distance uf the curves from the straight line. 
The part of curve below the line corresponds to decrease, that above to mcrease of 
irritability. Where the curves cross the line is called the indifferent point. With 
etrong currents this approaches the cathode. (From Foster after Pfliger.) 


cathode in proportion as the polarising current is made stronger. 
That is to say (y), with strong polarising currents the indifferent point 
is near the cathode (B); with weak currents it lies ncar thé anode (A) 
(Fig. 203). 

Besides becoming less irritable in proportion as the polarising 
current becomes more powerful (8), the anclectrotonic region of 
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the nerve loses its ability to conduct impulses, and may finally, with 
a@ very strong current, even when applied for a short time, become 
quite incapable uf conducting an impulse. 

If the polarising current be now opened, so as to stop its passage 
through the nerve, and remove the anelectrotonic and the catelectro- 
tonic states (e)y a kind of rebound occurs in the condition of both the 
altered regions, and the part which has just ceased to be catelectrotonic, 
and was, therefore, over-irritable, becomes, by a kind of negative 
modification, very much lowered in its irritability ; while on the 
other hand, the anelectrotonic part, by a positive rebound, becomes 
more excitable than in its normal state. The rebound over the line of 
normal irritability lasta but a very short time ; but still, as we shall 
see presently, it is of greater duration than the passage of the negative 
variation along the nerve. 





Fig. 204.—Diagram showing the meaning of the terms ascending and descending currents, 
need in speaking of the law of contraction. The end of the vertebral column, 
adlatic nerves, and calf muscles of the frog are shown, while the arrows indicate 
the direction of the ascending current a, on the left, and the descending current 
p, on the right, according as the positive pole c of the battery is below or above. 

<4 


Law or ConrracrTion. 
Upon the foregoing“facts (a—e), and others already mentioned—*viz., 
that the impulse starts in the nerve from different poles and with 
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different force, with a making and a breaking shock—depends the law 
of contraction, which would be difficult to understand without bearing 
in mind all these interesting points. 

It was found that, with the same strength of stimulation, not only 
were different degrees of contraction produced with making and break- 
ing shocks, but also that, other things being similar, a different result 
followed when the current was sent through the nerve in an upward 
direction (7.¢., from the muscle), and when it was sent in a downward 
direction (z¢. towards the muscle). The stimulating current is 
spoken of, in the former case, as an ascending current, and in the 
latter as a descending current. 

The following is a tabulur view of the law of contraction :— 


ae oe 
ree we ee - 

















| ASCENDING CURRENTS 1 DESCENDING CURRENTS. 
, : | Muke = Contraction "Make = Contraction. 
Weak Stimulation. Break = No response. | Break = No response. 
Medium _seo, Make = Contraction. | Make = Contraction. 
Break = Contraction Break = Contraction. 
~ Make = N 7) responac. Make = Contraction. 
Strong ” Break = Contraction Break = No response. 


To explain this law the following points must be kept in view :— 

1. In a breaking shock, it is the «disappearance of anelectrotonus 
which causes the stimulation. 

In a making shock it is the ajpearance of catelectrotonus which 
causes the atimulation.” 

With the same current the make is more powerful than the 
break, 

Anelectrotonus causes reduction of irritability and conductivity. 

Catelectrotonus causes tucrease of irritability. 

With ascending currents the part of the nerve next tothe muscle 
is in a state of reduced functional activity (anelectrotonus). 

With descending currents the part of the nerve next the muscle is 
in a state of exalted activity (catelectrotonus). 

. The reduction or exaltation of activity is much greater with 

strong currents, 


© 
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That only making shocks cause contraction with very fveak cur- 
rents, simply depends on the greater efficacy of the entrance of 
catelectrotonus into the nerve, which causes the making stimulation. 

That contraction follows in all four cases, with medium stimula- 
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tion, is explained by assuming that the depression of the functional 
activity of the nerve is not sufficient to affect its conductivity. 

The want of response to a making shock, in the case of the strong 
descending current, depends upon the fact that the part of the nerve 
near the muscle, around the anode, is in a state of lowered activity. 
and is, therefore, unable to conduct the impulse which has to pass 
through this region from the cathode, where the stimulation takes 
piace, in order to reach the muscle. 

The absence of contraction at the breaking of a strong descending 
current, is caused by the same lowering of the conductivity of the 
nerve between the point of stimulation and the muscle, because at 
the cessation of strong catelectrotonus, the region near the cathode 
rebounds from exalted to depressed activity, and at the moment of 
stimulation the greater part of the intrapolar region is an 
electrotonic. 


The specific use of nerve fibres in the body of the higher 
animals may be thus briefly stated. They form a means of extremely 
rapid intercommunication between distant parts. The protoplasin 
of the axis cylinder has undergone a special modification, by which 
it is enabled to conduct impulses much more quickly than ordinary 
protoplasm does. Even the most nearly-related substance, muscle 
tissue, transmits impulees about thirty times more slowly than a 
nerve fibre. A highly organised animal body, without nerve fibres, 
would be in a worse condition than a highly organised state without 
& telegraph or even a postal system. 





Fig. 206.—Tactile nerve endings, composed of small capsules, in which the black axis- 
cylinder of the nerve (a), and (x) mcets with many protoplasmic units, 


NgrveE CoRPUSCLES OR TERMINALS. 


These are the real actors in the nervous operations, while the fibres 
are merely their means of communicating with one another. One 
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great set of terminals is placed on the surface of the body and is 
adapted to the reception of the various external influences which are 
brought to bear on it from without byitssurroundings. These receivers 
of extrinsic stimuli are necessarily much varied so as to be capable 
of appreciating all the different kinds of stimulation presented to 
them, They are either distributed over the entire surface so as to 
meet with general mechanical and thermic changes, or they are 
further specialised for the reception of luminous, sonorous, odorous 
or gustatory impulses, In the latter cases the special terminals are 
collected into one part, and usually form complex organs, which will 
be described presently in the chapters on the special senses. Another 
great set of terminals are placed in the deeper textures, when they 
act as local distributing agents; such as the nerve plates on skeletal 
muscles, and the ganglionic networks in the wall of the intestine, 
In many instances, however, the exact mode of connection between 
the nerve and the protoplasm of the tissue elements, to which it bears 
impulses, has nut been satisfactorily made out. In the remaining 
class of nerve terminals the cells are grouped together so as to form 
larger and smaller colonies, and more definitely deserve the name of 
nerve or ganglion cells. These are the central terminals, and are 
placed either in the cerebro-spinal axis, or in swellings of the nerves 
called sporadic ganglia. 





Fig. 205°.—Multipolar cells from the anterior grey colymn of the spinal cord of 
the dog-fish (a) lying in a texture of fibrils: (5 | tion from cells; 
{¢) nerve-fibres cut across. (Cadiat.) roar : 
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Of these nerve cells there are many varieties, all of which have 
the following characteristics. The cells are of considerable size 
and have pracesses branching off from them, by means of which 
they communicate with the nerve fibres. These processes may 
be single or many, hence they are spoken of as ani,- bi-, or multi- 
polar cells, &c, The nucleus is commonly very distinct, and contains 
a well-marked nucleolus. The abundant protoplasm, which is usually 
contained in a delicate cell wall, is in direct connection with the axis 
cylinder of the nerve fibres, with which it communicates by means 
of thin strands of protoplasm that pass out from the cell by the pro- 
cesses, A delicate striation of the protoplasm may sometimes be 
recognised, indicating the course of the nerve fibrils as they run into 
the cells from the processes. 


Tue Foncrions oF NERVE CELLS, 


Any mass of living protoplasm, such as an ameba, can receive 
extrinsic impulses, which affect directly its conditions, and though 
the impression may be very localised in its application, yet all the 
parts of the cell participate in the sensation, and probably take part 
in the resulting movement. 

Besides those acts of which we can recognise the cause, many 
others occur in an amcba which we are not able to tiace to any 
definite cause other than the energies derived from its special powers 
of assimilation. We say, then, that not only can an ameba feel 
local stimulation, transmit the impulse to remoter parts of its body, 
and respond by movement to the stimulus, but, moreover, as the 
result of intrinsic processes of a chemical nature, it can injtiate im- 
pulses which appear as motions, &c. We may conclude froin this 
fact alone that automatic action is one of the vital properties of 
protoplasm. 

Now in the nerve centres we find, certainly in all the more com- 
plex animals, that each of these kinds of action is commonly distri- 
buted, so that different individual cells have each a different act to 
perform, and thus an important division of labour takes place. The 
first act is performed by a wonderfully elaborate set of special organs 
adapted to the reception of the various extrinsic impulses or sensa- 
tions from without. The excitation is then sent by nerve fibres to 
another great group of central nerve cells, which are apparently 
employed solely in receiving the stimuli from the peripheral organs, 
and then distributing the impulses to their neighhours, which can 
direct, modify, analyze, classify, re-distribute, or check the impulses, 
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so that other nerve cells may have the least possible amonnt of 
trouble, and at the same time lose none of the advantage that is to 
be gained from the income derived from stimulus coming from 
without. Connected with the last group is another, the nerve cells 
which lie out of the reach of the ordinary peripheral impulses, but 
are capable of developing within themselves energies, and can initiate 
impulses with no other aid than that of their nutrition and the 
chemical changes resulting from their assimilation. 

These impulses are distributed to the peripheral active tissues, 
muscles, glands, &c., probably through the medium of other sets of 
cells analogous to the last group situated in the nerve centres as well 
as to the local distributors which act as unions between the other 
textures and the nerve fibres. 

The functions of these nerve cells which form centres of action 
may be classified thus :— 

1. Reflexion. Many nervous cells are capable of reflecting an 
impulse received by an afferent nerve ; that is to say they send it by 
an efferent nerve to some active tissue, such as a muscle or gland. 
This kind of direction is spoken of as a simple reflex action. For 
instance, if a grain of red pepper be placed on the tongue, the 
stimulus soon travels from the peripheral receiving terminal, along 
an afferent nerve to its central terminal, which reflects the impulse 
to the efferent nerve, going to the salivary yland, and the result is 
an increased secretion of saliva. 

2. Co-ordination. There are but few reflex acts that do not require 
the co-operation of several cells, and these work together in an 
orderly manner, the resulfing activity being well arranged and 
usually adapted to some purpose. The first act of the receiving 
cells of this reflex centre must then be to distribute and direct the 
impulse into those channels which lead to groups of cells capable of 
sending impulses in an orderly and definite direction. This directing 
and arranging power is spoken of as co-urdinatton, and probably is an 
attribute common to all nerve cells. 

3. Augmentation. Usually the force of the retlected efferent im- 
pulse bears a direct relation to the afferent impulse as determined 
by the strength of the stimulus. Thus if the amount of pepper on 
the tongue be much increased, not only is the flow of saliva greater, 
but the stimulus spreads from one central cell to another until the 
neighbouring centres are affected. Thus we often find the lachry- 
mal glands are also influenced by very strony stimulation of the 
tongue, and pour out their secretion, as is said, “in sympathy” with 
the mouth glands. But the amount of the afferent impulse is not 
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the only factor in determining the amount of response to be reflected 
along the efferent channels. Some nerve cells have a distinct power 
of increasing the amount of response to be given to a given stimulus. 
When an irritant falls near the laryngeal opening, a very different 
effect is produced, and the vastly greater response to an equal 
stimulus depends rather on the augmenting power of some central 
cells than upon any greater sensibility of the local mechanisms. 

4, Inhibition. — Under certain circumstances, such as pre-occupation, 
&c., which will be more fully explained presently, nerve cells with- 
hold the transmission of a stimulus, or lessen the impulse reflected 
so as to produce little or no effect, this is called inhibition, 

5. Automatism.— Nerve cells are supposed to have the power of 
originating impulses; eg., those carrying on operations which 
require to be of a more or less permanent kind, such as the closure 
of the sphincter muscles and the partial contraction of the muscle 
cells of the arteries. Automatic actions are sometimes spoken of as 
those that are continuous and those that undergo rhythmical changes, 
If carefully examined, however, most of the so-called constant auto- 
matic nervous actions will be found to show some traces of rhyth- 
mic relaxation. Nerve cells, with automatic properties, may be 
exercised in preventing reflex actions having their full effect, and 
thus they act as aids to the controlling part played by the reflex 
cells, And in the same way automatic cells may be influenced and 
even regulated by impulses coming from the periphery to reflex 
centres in the vicinity, which join forces with the automatic 
centre. Thus the act of respiration may be performed by pure 
automatism, and its centre supplies a good example of an auto- 
matic group of cells. Asa matter of fact, however, the respirations 
are regulated by a reflex mechanism, the channels of which reside in 
the vagus nerve. 

Moreover it isin the nerve cells that we must seek mental activity, 
under which term may be considered perception, volition, thought, 
and memory. It is very difficult to allocate the due proportions of 
reflexion, co-ordination, augmentation, inhibition, automatism, &c., 
requisite for the development of what we must call mental faculties, 
but there can be no doubt that the mind must be the resultant of a 
long series of external and internal excitations, modified by intrinsic 
influence, and acting upon innumerable groups and masses of nerve 
cells, the general outline of which has been rough-hewn by here- 


ditary tendency. 


CHAPTER XXIX. 
SPECIAL PHYSIOLOGY OF NERVES. 


SPINAL NERVES. 


THE thirty-one pairs of nerves which leave the vertebral canal by 
the openings between the vertebra are called spinal nerves, in contra- 
distinction to the cranial nerves, which come out through the base of 
the skull. They are attached to the spinal marrow by two bands, 
the anterior and posterior “roots,” which unite together in the inter- 
vertebral canal to form the trunk of the nerve. Just before the 
junction of the two roots the posterior one is enlarged by a ganglionic 
pwelling. 

The spinal nerves are all “mixed nerves,” that is to say, they 
contain both efferent and afferent fibres ; but these two sets of fibres 
run separately in the anterior and posterior roots of each nerve. The 
spinal nerves are thus joined to the spinal marrow by two nervous 
cords, each one of which confains only efferent or afferent channels. 
About seventy years ago Charles Bell discovered that the anterior 
roots carry the efferent fibres and the posterior the afferent. Hence, 
the anterior are commonly spoken of as the motor roots, and the 
posterior as the sensory roots of the spinal nerves. The experiment 
to show this difference is simple, but requires very delicate manipu- 
lation. If the anterior roots of the nerves supplying the hind leg of 
a recently-killed frog be divided, the muscles of the limb are cut off 
from the centres in the ‘spinal cord, and therefore the leg hangs limply, 
and does not move if it is pinched when the frog is suspended ; whereas 
the limb on the sound side, upon which the anterior roots are intact, 
will move energetically when the motionless one is irritated. If the 
distal ends of the divided anterior roots be stimulated, the miuecles of 
the paralysed limb are thrown into action ; but stimulation of the 
proximal end gives no result. Further, if the two webs of this frog 


be compared, the blood-vessels running across the transparent part of 
FF 
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the web on the injured side will be found to be fuller than those in 
the web of the other limb, but if the distal ends of the motor 
roots are stimulated, the dilated blood-vessels return to their normal 
calibre. By these experiments we are shown that, together with 
fibres to the skeletal muscles, efferent fibres carrying impulses to the 
muscular walls of the vessels are contained in the anterior roots of 
the spinal nerves. 

The fact that when the leg on the side where the anterior roots 
have been severed is stimulated, moves the other, is sufficient to show 
that the sensory connections between its surface and the cord are 
not destroyed by cutting those anterior roots ; and we may conclude— 
taking the other facts just mentioned into account—that the afferent 
fibres are situated in the posterior roots, 

We can confirm this result by cutting the posterior roots on one side 
of a recently-killed frog, and repeating the stimulation of the feet. 

Pinching the limb whose posterior roots are cut, gives rise to no 
response, because the impulses cannot reach the spinal cord; but 
stimulation of the sound foot causes olyvious movements of both legs. 
This shows that the section of the posterior roots of one limb cuts 
off the afferent (sensory) communication on the side operated on, but 
that the efferent (motor) impulses can pass freely to the muscles, 
even when the posterior roots are divided, for the limb moves on 
pinching the other foot. Further, if the proximal ends of the cut 
posterior roots be stimulated, motions are produced showing that the 
centres in the spinal cord are influenced by the afferent impulses car- 
ried by those posterior roots. On the other hand, if the distal ends 
of the cut roots be stimulated no movement results. 

It has been sometimes found that stimulation of the anteyior roots 
seemed to cause pain, as shown by the motion of other parts besides 
those to which this roct was itself distributed ; and it was believed that 
some sensory fibres must run in the anterior roots. But it jas been 
since found that if the posterior rovts be first cut these signs of pain 
are not shown when the anterior roots are stimulated. From this it 
has been concluded that the apparent sensory channels of the motor 
roots are nothing more than some sensory fibres which pass from the 
nerve trunk a little way up the motor root, and then turn back and 
descend again to the junction of the roots, whence they pass alony the 
posterior root to the cord. These fibres are named the “ recurrent 
sensory fibres,” and the recurrent sensibility of the anterior roots is 
not regarded as any serious departure from Bell’s law. 

The course of the secretory, &c., nerves probably follows that of 
the motor channels at their exit from the cord. Their peripheral dis- 
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tribution, and that of the vaso-motor nerves, are intimately cons 
nected with the sympathetic system, and will be considered further on 





Fig. 206.—Section through spinal ganghon of a cat, showing gangl.on cells interspersed 
between the fibres. (Low power.) 


OF the function of the ganglia on the posterior roots of the spinal 
nerves but little is positively known, There is no evidence of their 
being centres of reflex action, nor can they be shown to possess any 
marked automatic activity. From the fact 
that when a mixed nerve is divided the 
end cut off from the ganglion degenerates 
after a few clays, these ganglia are supposed 
to preside over the nutritioneof the tissue 
of the nerve itself. And if the roots be 
cut, that Bart of the posterior root attached 
to the cord degencrates, while the piece 
connected with the ganglion is well nour- 
ished. This is not the case ifthe anterior 
root be divided, but, on the contrary, that 
portion next the cord is well nourished, 
while that going to join the posterior root 
is degenerated. ! 

It would thus appear that the trophic pig. 297,—Two cells from the 





function of the ganglia is restricted to former seen under a high 
the sensory nerves, while the nutrition dead aging — 
of the motor nerves is provided for by there retracted from the 
nervous centres situated higher up. - ve 
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Tue CrantaL NERVES. 


The nerves which pass out through the foramina in the base of 
the skull must be considered separately, as the function of each of 
them shows some peculiarity. Some are exclusively nerves of 
special sense, and may be most conveniently described when the 
special sense organs are under consideration. Some are simple, 
being purely motor in function, while others are exceedingly com- 
plex, containing many kinds of fibres. They may be taken in the 
order of their functional relationships, motor and mixed. Those 
which relate to the special senses will be considered in future 
chapters. 


IIL—Tue Moror Ocvuii NERVE. 


The nerves of the third pair are the chief motor nerves of the eyes. 
They arise from the grey matter on the floor and roof of the aqueduct of 
Sylvius, and pass out of the brain substance near the pons from between 
the fibres of the peduncle, and then run between the posterior cerebral 
and superior cerebellar arteries. They pass into the orbits in two 
branches, and are distributed to the following orbital muscles :—(1) 
elevator of the eyelid; (2) the superior, (3) inferior, and (4) internal 
recti, and (5) the inferior oblique. They also contain fibres which 
carry efferent impulses to the (1) circular muscle of the iris, and to 
the (2) ciliary muscle. The latter branches reach the eye by a short 
twig from the inferior oblique branch, which goes to the ciliary 
ganglion, and thence enter the ciliary nerves. 

The action of the orbital muscles is, in the main, under the control 
of the will, though they afford good examples of peculiar co-ordina- 
tion and involuntary association of movements. The contraction of 
the pupil by the action of the circular muscle (sphincter pupille) is 
a bilateral reflex act, the afferent impulse of which originates in the 
retina, passes along the cptic nerves, and is transmitted, probably in 
the corpora quadrigemina, to both the third nerves. The central 
extremities of the third nerves must have an intimate connection with 
each other and with the optic nerves, for the diminution in size 
of the pupils follows accurately the increase in intensity of the light 
to which even one of the reting is exposed. In retinal blindness and 
after section of the optic nerve the pupil is dilated. The action of 
the ciliary muscle may be said to be voluntary, since we can volun- 
tarily focus ur eyee for near or far objects. Contraction of the 
sphincter pupille and of the internal rectus is associated with the 

| of the ciliarv muscle in accommodation. 
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Injury or disease of the third nerve within the cranium gives rise to - 
the following group of phenomena :—(1.) Drooping of the upper lid 
(Ptosis). (2.) Fixation of the eye in the outer angle (Luscitas). (3.) 
Dilatation and immobility of pupil (Mydriasis). (4.) Inability to 
focus the eye for short distances. 


IV.—-THE TROCHLEAR NERVE. 


This thin nervous filament arises under the Sylvian aqueduct, and 
passes into the superior oblique muscle, to which it carries voluntary 
impulses, which are involuntarily associated with those of the other 
muscles moving the eyeball. Paralysis of this muscle causes no very 
obvious impairment in the motions of the eyeball when the head is 
held straight, but it is accompanied by double vision, so there must 
be some displacement of the eye-ball. When the head is turned on 
one side the eye follows the position of the head instead of being held 
in its primary position. In paralysis of this nerve a double image is 
seen only when looking downwards, and the image on the affected 
side is oblique and below that seen by the sound eye. 


VI.—Tue Abpvuctor NERVE OF THE EYE. 


This arises in the floor of the fourth ventricle, and appears just below 
the pons Varolii. It is the motor nerve of the external rectus muscle 
of the eye. Paralysis or section of it causes internal squint. 


VII.—(Portio Dcr#® Moror NERVE OF THE Face, 


This ngrve arises from a grey nucleus in the fluor of the fourth 
ventricle. It passes with the other part of the seventh (portio mollis) 
or auditory nerve into the internal auditory meatus of the temporal 
bone. It first passes out towards the hiatus, and then turns at a 
right angle to form a knee-like swelling (geniculate ganglion), and 
then runs backwards along the top of the inner wall of the drum, 
and passing downwards through a special canal in the bone, comes 
out at the stylo-mastoid foramen, and finally spreads out on the side 
of the face. It is essentially an efferent nerve, being partly motor 
and partly secretory, though its connections have caused afferent 
functions to be ascribed to it. Its distribution may be thus briefly 
summarised :— 

i, Motor fibres.—{1.) To the muscles of the forehead, eyelids, nose, 
cheek, mouth, chin, outer ear, and the platysma, which may be grouped 
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together as the muscles of expression. (2.) To some muscles of mas- 
lication, Viz., buccinator, posterior belly of digastric, and the stylo- 
hyoid—all the foregoing being supplied by external branches— 
while in the temporal bone it gives a branch to (8) the stapedius 
muscle, and also a branch from the geniculate ganglion named the 
great superficial petrosal nerve, which after a circuitous course is 
supplied to the elevator and azygos muscles of the palate and uvula. 

ii. Secretory fibres.—(1.) To the parotid gland by the small super- 
ficial petrosal nerve, which sends a branch to the otic ganglion. 
whence the fibres pass to the auriculo-temporal nerve, and then on 
to the gland. (2.) To the sub-maxillary gland by the chorda tympani, 
which after traversing the tympanum leaves the ear by a fissure at 
its anterior extremity, then joins the lingual branch of the fifth to 
separate from it and pass into the sub-maxillary ganglion which lies 
in close relation to the gland (compare figs. 64 and 65). 

iii, Vaso-motor, or vaso-inhibitory influences, are chiefly con- 
nected with the secretory function, since dilatation of the vessels of 
the glands accompanies the increased secretion that follows stimula- 
tion of the nerves going to the glands. 

iv. The following afferent impulses are said to travel along the 
track of the portio dura and its branches :—(1.) Special taste-sensa- 
tions, which are chiefly located in the chorda tympani branch, may be 
explained by the branches of communication which pass from the 
trunk and petrous ganglion of the glosso-pharyngeal to the portio 
dura at ite exit from the foramen, or by the connection in the drum 
of the ear between the tympanic branch of the glosso-pharyngeul 
and the geniculate ganglion of the portio dura through the lesser 
superficial petrosal nerve. (2.) Ordinary sensations, which, are also 
located in the chorda tympani, are said to traverse this nerve in an 
efferent direction until it comes near the otic ganglion, when the 
sensory fibres leave the chorda and pass to the inferior division of 
the fifth nerve through the otic ganglion. 

Injury of the facial nerve in any of the deeper parta of its course 
gives rise to the striking group of symptoms known as facial paralysis, 
the details of which are too long to be given here. When it is remem- 
bered that muscles aiding in expression, mastication, deglutition, 
hearing, smelling, and speaking, are paralysed, and that taste, salivary 
secretion, end poseibly ordinary sensatiun are impaired, one can form 
some idea of the complex pathological picture such a case presenta. 
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V.—N, TRIGEMINUS, OR TRIFACIAL NERVE, 


This nerve transmits both efferent and afferent impulses, which, 
however, are carried by two different strands of fibres. The motor 
part, which arises from a grey nucleus in the floor of the fourth ven- 
tricle, is much the smaller of the two, and has been compared to the 
anterior root of a spinal nerve, The large sensory division springs 
from a very extensive tract, which can be traced from the pons Varolii 
through the medulla to the lower limit of the olivary body, and on 
to the posterior cornua of the spinal marrow. This set of fibres has 
been likened to the posterior root of a spinal nerve, being some- 
what analogous to it in origin, function, and the fact that there is a 
large ganglion on it within the cranium. 

The distribution and peripheral connections of this nerve are some- 
what complicated, and should be carefully studied when the manifold 
functions of its branches are being considered. The various impulses 
conveyed by the tri-facial nerves may be thus enumerated :— 


i.—EFFERENT FIBRES. 


1. Motor.—To the muscles of (1) mastication, viz., temporal mas- 
seters, both pterygoids, mylohyoid, and the anterior part of the 
digastrics ; (2) to the tensor muscle of the soft palate; and (3) to 
the tensor tympani. (4) In some animals (rabbit) nerve filaments 
also pass to the dilator muscle of the iris, reaching the eyeball by the 
ciliary ganglion. 

2. Secretory.—The efferent impulses which stimulate the cells of the 
Jachrymal gland to increased action, pass along the branches of the 
ophthalmic division of this nerve. 

3. Vaso-motor.—The nerves governing the muscles of the blood 
vessels of the eye, of the lower jaw, and of the mucous membrane of 
the cheeks and gums. 

4. Trophic.—On account of the impairment of nutrition of the eye 
and the mucous membrane of the mouth, which occurs after injury 
of the fifth nerve, it is said to carry fibres which preside over the 
trophic arrangements of these parts. 


i, —AFFERENT FIBRES, 


1, Sensory.—All three divisions of the tri-facial nerve may be said 
to terminate in cutaneous nerves, by which the ordinary sensory 
impulses are carried from—{1) the entire skin of the face, and 
the anterior surface of the’ external ear; (2) from the external 
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auditory meatus ; (3) from the teeth and the periosteum of the jaws, 
&c.; (4) from the mucous membrane lining the cheeks, the floor ot 
the mouth, and the anterior part of the tongue ; (5) from the lining 
membrane of the nasal cavity ; (6) from the conjunctiva, the ball of 
the eye, and the orbit generally ; (7) and from the dura mater 
including the tentorium. 

&. Excito-motor.—Some of the fibres which have just been enu- 
merated as carrying ordinary sensory impressions, have special 
powers of exciting co-ordinated reflex motions, Thus the sensory 
fibres from the conjunctiva and its neighbourhood are the afferent 
channels in the common reflex acts of winking and closing the eye- 
lids ; and the fibres from the nasal mucous membrane commonly 
excite the complexly co-ordinated involuntary act of sneezing. 

3. Exctto-secretory.—In the same way, as in the case of reflex motion, 
secretion is reflexly excited by the fibres which carry afferent impulses 
to the medalls from the anterior part of the tongue, when the latter 
is strongly stimulated, and thus excite activity of the salivary secre- 
tion; and severe stimulation of the mucous mem)rane of the nose or 
of the eye causes impulses to pass to the secretory centre of the 
Jachrymal glands, which are frequently thus reflexly excited. 

Very intense stimulation of almost any of the afferent nerves may 
excite these reflex phenomena. Thus the most stvic person will experi- 
ence active secretions of saliva and lachrymal fluid, as well as spas- 
modic closure of the lids during the eatraction of a tooth. Even the 
bold use of a blunt razor will cause the tears to flow down the cheehs, 
by sending excito-secretory impulses along the branches of the inferior 
and superior maxillary division of this nerve. 

4. Tactile impulses are appreciated by the anterior part of the 
tongue with remarkalle delicacy, and are conveyed by thé lingual 
branch of the fifth nerve ; and most of the cutaneous fibres are alw 
capable of receiving tactile stimulation. 

5. Taste.—The tastes that are appreciated by the anterior part and 
the edges of the tongue are carried by fibres which lie in the peripheral 
branches of this nerve. These, however, probably belong chiefly, if 
not altogether, to the chorda tympani, und leave this lingual branch 
of the fifth to join the seventh nerve on their way to the trunk of the 


gloeso-pharyngeal. 


There are four ganglia in close relation to the branches of the fifth 
nerve which have certain points of similarity, and may, therefore, be 
considered together, although their different positions show that they 
are engaged in the performance of very different functions. 
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We have not yet been able to ascertain the value of these little 
points of junction of motor, sensory, vaso-motor, and secretory fibres, 
because, sv far, we are unable to attribute to the cells of the ganglia 
either reflecting or controlling action, or any automatic power. 

They all have efferent (motor and secretory) and afferent (sensory) 
connections with the nervous centres, and also connections with the 
main channels of the sympathetic nerves, These are spoken of as 
the roots of the ganglia. Their little branches are generally mixed 
nerves. 


Tue CrutaRy OR OPHTHALMIC GANGLION. 


This ganglion lies in the orbit. It has three roots, which come 
from—(1) the inferior oblique branch of the third nerve, by a short 
alip, which forms the motor root ; (2) from the nasal branch of the 
ophthalmic division of the fifth, and from the carotid plexus of the 
sympathetic. The branches go mostly to the ball of the eye, and 
may be divided into those which are afferent and efferent, The 
afferent are only sensury branches, connecting the cornea and its 
neighbouring conjunctiva with the centres. The efferent, or motor 
fibres, are those that go to the dilator pupille (coming mostly from 
the sympathetic), and the vaso-motor fibres going to the choroid coat, 
iris, and the retina. 


Tue SPHENOPALATINE OR NASAL GANGLION. 


This lies on the second division of the fifth nerve, from which it 
gets its sensory root. Its motor root comes from the seventh by the 
yreat superficial petrosal nerve, and its sympathetic root from the 
carotid plexus by the branch joining this nerve. These enter 
the ganglion together, and are commonly spoken of as the vidian 
nerve. Afferent (sensory) impulses, from the greater part of the 
nasal cavity, pass through this ganglion. Its efferent branches are— 
(1) motor to the elevator of the soft palate and the azygos uvule ; 
(2) vaso-motor, which come from the sympathetic ; and (3) secretory, 
which supply the glands of the cheek, &c. 


Otic oR Ear GANGLION. 


The otic ganglion lies under the foramen ovale, where the inferior 
division of the fifth comes out of the cranium. Its roots are— 
(1) motor ; and (2) sensory, from the inferior division of the fifth ; 
and (3) sympathetic, unade up of a couple of fine filaments from 
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the plexus, around the meningeal artery. By its branches it com- 
municates with the seventh, chorda tympani, and sends filaments to 


the parotid gland. 


THE SUBMAXILLARY GANGLION, 


This is on the hyoglossus muecle in close relation to the lingual 
branch of the fifth, from which it gets a sensory root. The chorda 
tympani passes to the ganglion, carrying efferent impulses through 
it to the gland. Its sympathetic branches come from the plexus 
around the facial artery. 


VIII.—Tae GLosso-PHARYNGEAL NERVE. 


This nerve forms part of the eighth pair, springs from the floor of 
the fourth ventricle above the nucleus of the vagus. It is a mixed 
nerve, the functions of which may thus be classified. 

Afferent fibres, which are of various kinds, viz.:— 

(1.) Sensory fibres, carrying impulses from the anterior surface of 
the epiglottis, the base of the tongue, the soft palate, the tonsils, the 
Eustachian tube and tympanum. 

(2.) Excito-motor. This nerve is a very important exciter of reflex 
movements in swallowing and vomiting, when a stimulus is applied 
to the glosso-palatine arch. 

(3.) Excito-secretory, the stimulation of the back of the tongue gives 
rise to a copious flow of saliva by means of reflex action. 

(4.) Taste sensations are, for the most ‘part, carried by this nerve ; 
they are conveyed from special nerve-endings in the back of the 
tongue (see Taste). 

The efferent fibres are not so varied, being simply motor to the 
middle constrictor of the pharynx, the stylo-pharyngeus, the elevator 
of the soft palate, and the azygos uvulz. 


Tae Sprvnat ACCESSORY NERVES. 


These also form part of the eighth pair of nerves, and arise from 
the oblong and the spinal marrow, as luw down as the seventh cer- 
vical vertebra. The lower fibres leave the lateral columns at their 
posterior abpect, and then run up between the denticulate ligament 
and the posterior roots of the spinal nerves to enter the cranial 
cavity. On their way but of the cranium they divide into two parte, 
one of which becomes amalgamated with the vagus, and the other 
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passes down the side of the neck as the motor nerve of the sterno- 
mastoid and trapezins muscles. Physiologically, it may be come 
pared with the anterior root of a spinal nerve, and the part accessory 
to the vagus most probably supplies that nerve with most of its motor 
branches, 


Tae Vacus NERVE. 

The vagus arises from the lower part of the floor of the fourth 
ventricle, and has connections with many of the important groups of 
nerve cells in this neighbourhood. 

The functions of its widely-distributed fibres may be thus briefly 
stated :— 

A. The ErrerENt Freres may be divided into— 

1. Motor-nerve channels, going to a great portion of the alimentary 
tract and the air-passage ; the following muscles vetting their motor 
supply from the branches of the vagus—the pharyngeal con- 
strictors, seme of the muscles of the palate, the cesophagus, 
the stomach, and the greater part of the small intestine. Motor 
impulses also pass along the trunk of the vagus—though leaving the 
cord by the roots of the accessory nerve—to the intrinsic muscles of 
the larynx; these fibres lie in the inferior or recurrent laryngeal 
nerve except that to the crico-thyroid, which lies in the superior 
laryngeal branch. The tracheal muscle and the smooth muscle of 
the bronchial walls are also under the control of the pulmonary 
branches of the vagus. 

2. Vaso-motor fibres are Said to be supplied to the stomach and 
sinall ingestine. These fibres are probably derived trom some of the 
numerous connections with the sympathetic. 

3. Inhibitory impulses of great importance for the regulation of the 
forces of the circulation pass alone the vagua to the ganglia of the 
heart. As already explained in detail (see p, 224), these fibres are 
always acting, as shown by the fact that section of the vagi causes a 
considerable quickening of the heart-beat. On the other hand, if the 
distal end of the cut vagus be stimulated, the heart beats more 
slowly, and in some animals may come to a standstill in a condition 
of relaxation. 

B, The AFFERENT FipreEs still more widely spread, are important 
for the functions of the various viscera, They are :— 

1, Sensory fibres carry impulses from the pharynx, osophagus, 
stomach, and intestine, and from the larynx, trachea, bronchi, and 
the lungs generally. The pneumonia which follows section of the 
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vagi depends on—(1) the removal of the sensibility, and the ease with 
which foreign matters can enter the air-passages ; or (2) the violent 
breathing necessary when the motor nerves of the larynx are cut ; or 
(2) the injury of trophic or vaso-motor fibres. 

2. Excito-motor nerves. There is no nerve that can be compared with 
the vagus in the variety of the reflex phenomena in which it partici- 
pates. Afferent fibres in this nerve cause spasm of the muscles of 
the thorax and govern the respiratory rhythm, and preside over the 
inhalation of the air and excite the expiratory muscles. Thus irti- 
tation of the mucous membrane at the root of the tongue, the folds 
of the epiglottis, larvnx, trachea, or bronchi, causes spasmodic fits of 
coughing. Irritation of the pharyngeal or the gastric fibres gives 
rise, by reflex stimulation, to the act of vomiting. 

Stimulation of the proximal cut end of the trunk of the vagus 
causes inspiratory effort and cessation of the breathing movements in 
the position of inspiration. Stimulation of the central cut end of the 
superior laryngeal branch, causes reflex spasm of the muscles of the 
larynx and a fixation of the expiratory muscles in the position of 
expiration. The fibres which regulate the respiratory rhythm consist 
of two sets, probably passing from the lungs to the inspiratory and 
expiratory centres, and causing each to act before its ordinary auto- 
matiam would transmit any discharge of impulse to the thoracic 
muscles. 

In the laryngeal branches are fibres which bear centrifugal impulses 
to the vaso-motor centres in the medulla, and excite the centres to 
action. These, which may be grouped with the excito-motor channels, 
ure spoken of as “ pressor” fibres, trom tlie influence they exert upon 
the pressure of the blood in the arteries. 

3. Excito-inhibitory fibres pass trom the heart to the vaso-motor 
centre. Stimulation of these fibres, which take somewhat different 
courses in different animals, checks the tonic action of the vaso-motor 
centre, and greatly reduces the blood pressure. Hence these fibres 
form the depressor nerve. Its terminals in the heart are stimulated 
by distension of that organ ; and the vaso-motor centre is thereby 
inhibited, the arteries dilate and the blood pressure falls so that 
the over-filled heart can empty itself. 

4. Ezxcito-secretory fibres. Stimulation of the gastric endings of the 
vagus causes not only gastric, but also the salivary secretion, which 
occurs as a‘precursor of gastric vomiting. 

Section of both vagi in the neck causes the death of the animal 
within a day or two aiter the operation, and the following changes 
may be observed while it lives :—1. The heart-beat is much quicker 
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as shown by the increased pulse-frequency. 2. The rate of breathing 
is very much slower. 3. Deglutition is difficult, the food easily 
passing into the air-passages through the insensitive larynx. 

Section of the superior laryngeal nerves is followed by slight slow- 
ness of breathing, loss of sensibility in the larynx, entrance of fuod 
into the air-passages, chronic broncho-pneumonia, and death. 

Section of the inferior laryngeal nerves gives rise to the same final 
result, because the muscles of the larynx are paralvsed, and closure 
of the glottis is impossible. A change in voice follows the section 
or injury of even one inferior laryngeal, as may often be seen in 
man from the effect of the pressure of an aneurism. 


IX.—HypoacLossaL NERVE. 


This nerve appears in the furrow between the olivary body and 
the anterior pyramid, on a line with the anterior roots of the spinal 
nerves. It corresponds with the anterior roots in function, being 
a purely motor nerve. It bears impulses to the muscles of the tongue 
and the other muscles attached to the hyoid bone. 

Some sensory fibres lie in its descending branch, but these probably 
are derived from the vagus or trifacial nerves, with which its branches 
inosculate. 

It is also said to contain the vaso-motor fibres of the tongue, 

Section of the nerves causes paralysis of the muscles of the tongue ; 
when this is unilateral, the tongue inclines to the injured side, while 
being protruded from the mguth ; but while being drawn in, it passes 
to the sound side. This is easily understuod when it is borne in 
mind that the two acts depend upon the intrinsic muscles of the 
tongue, bringing about an elongation or shortening of the onan 
respectively. 


CHAPTER XXX. 


SPECIAL SENSES, 


Ir has been pointed out that the sensory nerves receive impressions 
from without and carry the impulse thus excited more or less directly 
to certain nerve cells inthe brain where it becomes a sensation, The 
afferent nerves are, then, the means by which the mind becomes 
acquainted with occurrences in the outer world, as well as the chan- 
nels along which a variety of stimuli pass to nerve centres whence 
they are reflected to different organs and parts, without causing any 
definite sensation in the nerve cells of the sensorium. 

The ordinary sensory nerves are brought into such relationship to 
the surface that they are affected by slight mechanical stimuli, which 
throw the nerve fibres into activity, and send impulses to the brain. 
But we are capable of appreciating many other impressions besides 
mechanical stimulation. We can distinguish between degrees of heat 
and cold, when the difference is far too slight to act as a direct nerve 
stimulus, We can appreciate licht, of hich no degree of intensity 
is capable of exciting a nerve fibre to its active state, or of stimu- 
lating an ordinary nerve cell in the least degree. We recognise the 
delicate air-vibrations called sound, which would have no effect on an 
ordinary nerve ending. We can also distinguish several tastes ; and 
finally, we are conscious of the presence of incomprehensibly small 
quantities of subtle odours floating in the air, When the amount of 
the substance is too small to be recognised even by spectrum 
analysie, which detects estraordinarily minute quantities, we can 
perceive an odour by our olfactory organs. 

There must then be a special apparatus for the reception of each of 
these special impressions in order that the nervous system be ac- 
cessible to such slender influences. In fact special mechanisms 
must exist by means of which heat, light, sound, tastes, and odour 
are enabled to act as nerve stimuli These peculiar nerve 
terminals are known az the special sense organs, the physiology of 
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which is one of the most difficult and most interesting branches of 
study in Biological Science. 

The nerves which carry the impulses from the various organs of 
special sense do not differ from other nervous cords, so far as their 
structure and capabilities are concerned. But besides their special 
end organs they are connected with nerve cells in the brain, the sole 
duty of which is to receive impulses from one of the special sense 
organs and convert the same into a special sensation. No matter 
by what means a nerve trunk from a special sense organ be stimu- 
lated, the impulse excites in the sensorium the sensation usually 
arising from stimulation of the special organ to which it belongs. 
Thus electric stimulation of nerves in the tongue causes a certain taste ; 
mechanical or other stimulation of the optic nerve-trunk gives rise to 
the sensation of flashes of light, and a persistent odour may be caused 
by the presence of a bony growth, pressing upon the olfactory nerve. 

The capability of the nerve centres connected with the nerves of 
special sense to give rise invariably to a special sensation, is called 
their specific energy, And the special influence, light, sound, &c., 
which alone suffices to excite the special peripheral terminal, and 
which the given terminal alone can convert into a nerve stimulus, 
may be called its specific or adequate stumalus, 

Although we habitually refer the sensation to the surface where the 
stimulus is applied, as if we really felt with our skin, and recognised 
sound sensations with our cars, &c., the sensation only occurs in the 
centresin the brain. This is obvious from what has been already said 
of the nerve-fibres of the special sense organs, namely, that if a stimulus 
be applied to the nerve trunk the same sensation is produced as if the 
specific sfimulation had operated on the special nerve terminal from 
which these fibres habitually carried impressions. This peripheral 
localisation of sensations is really accomplished in the mind, just as 
by a mental act of a different character, the impressions com- 
municated by the eye are projected into the space about us in our 
thoughts, instead of being referred to the retina, or thought of as being 
produced in the eye itself. This power of the centres of the sensorium 
to localise impressions to certain points of the skin, and to project 
into space the stimulation caused by the light reflected from distant 
objects, so as to get a distinct and accurate idea of their position, is 
the result of experience and habit, which teach ench individual that 
when @ certain sensation is produced, it means the stimulation of a 
certain point of the skin, and that the objects we see are not in our 
eyes, where the impulse starts, but at some distance from us. We 
learn this from a long series of unconscious experiments -carried 
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on in our early youth by movements of the eyes with co-operation of 
the hands, Even the sensations which arise in the various centres of 
the sensorium, as the result of internal or central excitations, are 
from habit attributed to external influences, and thus we have 
various hallucinations and delusions, such as seeing objects or hearing 
sounds which only exist in the brain. 

The sensations produced in our nerve centres as the result of the 
afferent impulses coming from our special sense organs give rise to a 
form of knowledge called perception ; each perception or impulse 
causing an appreciable sensation, helping to make up our know- 
ledge of the outer world and of ourselves, for without this power 
of perception we could have no notion of our own existence and no 
ideas of our surroundings ; in fact we should be cut off from all 
sources of knowledge and be idiots by deprivation of all intelligence 
from without. 

A complete special sense apparatus may then be said to be made 
up of the following parts :— 

1, Aspecial nerve-ending only capable of being excited by a special 
adequate stimulus, 

2. An afferent nerve to conduct the impulses from the special end- 
oryan to the nerve‘centre. 

3. Nerve cells forming a centre, which is capable by specific energy 
of translating the nerve impulse into a sensation, and which sensation 
is commonly referred to some local point of the periphery. 

4, Associated nerve centres, capable of perceiving the sensations, 
forming notions thereon, and drawing conclusions, from the present 
and past perceptions, as to the intensity, position, quality, &c., of the 


external influence. 


SKIN SENSATIONS. 


The sensations arising from the many impulses sent from the skin 
come under the head of special sense, and are commonly grouped 
together under the name of the Sense of Touch. This special sense 
may, however, be resolved into a number of specific sensations, each 
of which might be considered as a distinct kind of feeling, but 
usually are regarded as simply giving different qualities to the 
sensation excited by the skin. These sensutions are :—(1) Tactile 
salami or sensation proper, by means of which we appreciate a 

ery gentle contact, and recognise the locality of stimulation, and 
judge of the position and form of: bodies ; (2) the sense of pressure ; 
(3) and the sense of teniperature. 
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The variety of perceptions derived from the cutaneous surface, 
and the large extent of surface capable of receiving impressions, 
make the skin the most indispensable of the special sense organs, 
though we value this source of our knowledge but little. If we 
could not place our hands as feelers on near objects to investigate their 
surfaces, &c., we should lose an important source of information that 
has coutributed largely to our visual judgment. We think we know 
by the look of a thing what we originally learned by feeling it. If 
our conjunctive did not feel, we should miss its prompt warning, 
and our voluntary movements could not protect our eyes from many 
unseen injuries that normally never trouble us. If the skin were 
senseless it would require constant mental effort to hold a pen, and 
our power of standing and progressing would be most seriously im- 
paired. And how utterly 
cut off from the outer 
world should we be, were 
we incapable of feeling 
heat and cold, the pres- 


ence or absence of cloth- 
ing, &c. 
NERVE-ENDINGS. 


Although the end- 
organs of the nerves of the 





skin are the simplest of all . 

those belonging to the ap- 5. 23 —Drawing from a section of injected 

paratus of special sense, yet skin, showing three papuillee, the central one 
containing a tactile corpuscle (a), which us 


we havesbut a very 1mper- 

fect knowledge of their een ael sg pannel reabtodlery 
immediate relationships to (Cadiat ) 

the different qualities or 

varieties of touch impressions. We are familiar with several different 
nerve-endings which are special terminals adapted for the reception 
of certain kinds of impressions, but what kinds of stimuli affect the 
different terminals we do not accurately know. They may be thus 
enumerated :— 

1, The Touch-corpuscles (Meissner) are egg-shaped bodies situated 
in the papille of the true skin, underlying directly the» epithelial 
cells of the rete mucosum. They occupy almost the entire papilla. 
The nerve fibres seem to be twisted around the corpuscle in a spiral 
manner, while the axis cylinders enter the body, and the covering of 
the nerve becomes amalgamated with its outer-wall. The touch- 


a 
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carpuscles vary in size in different parts of the skin ; usually being 
larger where the papille in which they lie are well-developed. The 
exact mode of ending of the axis cylinder is not satisfactorily 
understood. 

%. End-bulbs (Krause) are smaller than the last and are lése 
generally distributed over the surface of the body, being localised to 
certain parts. They are chiefly found in the conjunctiva and mucous 
membranes of the mouth and external generative organs. They con- 





Fig 210. — Tactile 
corpuscle from the 
duck’stongue, con- 
taining two tactile 





cells between which 
sheath ; c, nerve fibre within core ; lies the tactile disc. 
d, cells of core. (Izquierdo.) 


sist of a little vesicle containing fluid iff which the axis cylinder of a 
nerve terminates, the membrane which forms the vesicle of the bulb 
being fused with the sheath of the nerve. Many different shapes and 
varieties of these bodies have been described, but there seems to be 
no very definite morphological or physiological distinctions between. 
the different varieties. 

3. Touch-cells (Merkel) are found in the deeper layers of the 
epidermis of man as well as in the tongues of birds, they are large 
cells with distinct nuclei and nucleoli. Frequently they are grouped 

in masees and surrounded by a kind of sheath of connective 
tisene ; in which condition they resemble touch-corpuscles. 

4. ree nerve-endings occur on the surface of the epithelium of the 
mucous Membranes, and are seen on the surface of the cornea. Here 
delicate, single strands of nerve fibrils can be seen after gold staining, 
passing between the dpithelial cells and ending at the surface in very 


minute blunted points or knobs. 
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Naked nerve-fibrils have alao been traced into the deeper layers 
of the epidermis of the skin, where they end among the soft cells of 
the mucous layer, either in branched cell-like bodies (Langerhaus), or 
delicate loops (Ranvier). 

In the subcutaneous fat-tiesue as well as in parte remote from the sur- 
face are large bodies, easily visible to the naked eye, commonly called— 

8 Pacinian corpuscles, They are ovoid bodies made up of a 
great number of concentrically arranged layers of material, of vary- 
ing consistence, with a collection of fluid in the centre in which an 
axis cylinder ends. There is no doubt that they are the terminals of 





Fig. 211 ~—Drawing of termmation of nerves on the surface of the rabbit’s cornea. 
a, Newve fibre of sub-epithehal network , J, Fine fibres entermg epithelium; 
c, Intra-epithelial network. (Klein.) 


afferent nerves, but if they belong to the sense of touch, which is 
doubtful, it is unknown to what special form of sensation they are 
devoted. From their comparatively remote relation to the skin, lying 
some distance beneath it and not in it, as are the other endings 
mentioned—they are probably connected with the appreciation of 
pressure sensations rather than those more properly called tactile. 
The sense of touch must be carefully distinguished from ordinary 
sensibility or the capability of feeling pain, which is not a special 
bat a general sensation, and is received and transmitte? by difs 
ferent nerve channels, This we know from the facts, that the 
waucous passages in general can receive and transmit painful bot 
not tactile impressions, and that in the spinal cord the sensory and 
aaz 
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‘tactile impulses pass along distinct tracts, Further, certain narcotic 
poisons destroy ordinary sensation without removing the sens of 
teuch, This effect is also brought about by cold, when for instance 
the fingers are benumbed, gentle contact excites tactile impressions, 
while the ordinary sensations of pain can only be aroused with 
difficulty even by severe pressure. 

However, most of the nerves we are in the habit of calling sensory 
nerves convey tactile impressions, and speaking generally the parts 
of the outer skin which have the keenest tactile sense are also the 
most ready to excite feelings of pain 

The intensity of the stimulation for the sense of touch must be 
kept within certain limits in order that it be adequate, i.¢., capable of 
exciting the specific mental perceptions. If the stimulus exceed _ 
these limits, only a general impression, namely that of pain, is 
produced. 

The power of forming judgments by feeling an object differs very 
much in different parts of the body, being generally must keen where 
the surface is richest in touch corpuscles, namely, the palmar aspect 
of the hands and feet, and especially the finger-tips, the tongue, the 
lips, and the face. 

‘When we feel a thing in order to learn its properties, we make use 
of all the qualities of which our sense of touch is made up. We 
estimate the number of pointa at which it impinges on our finger- 
tip, we rub it to judge of smoothness, we press it to find out its 
hardness, and at the same time we gain some knowledge of its 
temperature and power of absorbing heat, 

To get a clear idea of our complex sense of touch we must consider 


each of the different kinds of impressions separately. . 


SENSE OF LOCALITY. 


By this is meant our power of judging the exact position of any 
point or points of contact which may be applied to the skin. 
Thus if the point of a pin be gently laid on a sensitive part of the 
skin we know at once when we are touched, and if a second pin be 
applied in the same neighbourhood, we feel the two points of contact 
and can judge of their distance from one another and their relative 

When we feel a body we receive impulses from many 
points of contact bearing varied relationships to each other, and thus 
we became conscious of a rough or a smooth surface. 

The delicacy of the sense of locality differs very much in different 
parte of the akin. It is most accurate in those parts which have 
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The method of testing the delicacy of the sense of locality is 
simply to apply the two points of a compass to the different parts 
of the akin, and by varying their position, experimentally, deter- 
mine the nearest distance at which the two points give rise to dis- 
tinct sensations. The following precautions must be attended to in 
carrying out this experiment. 1. The points must be simultaneously 
applied or the two distinct sensations will be produced even at very 
close distances, 2. The force with which the points are applied 
must be equal and minimal, because excessive pressure causes a diffu- 
sion of the stimulus and a blurring of the tactile sense. 3. Com- 
mencing with greater and gradually reducing the distance of the 
points enables a person to appreciate a less separation than if the 
smaller distances were used at first. 4. The duration of the 
stimulus; two points of contact being distinguished at a much 
nearer distance if the points be allowed to rest on the part, than 
when they are only applied fora moment. 5. The temperature and 
material of the points should be the same. ,6. Moisture of the 
surface makes it more sensitive. 7. Previous or neighbouring 
stimulation takes from the accuracy of the sensations produced. 8. 
The temperature of the different parts of the skin should be equal, 
as cold impairs its sensibility. 

The following table gives approximately the nearest distances at 
which some parts, which may be taken as examples of the most and 
least sensitive regions of the skin, can recognize the points of con- 
tact by their yiving rise to tw8 distinct sensations :— 


Tip ofthe tongue. . - 1 mn. 
Palmar aspect of the middle le fingertip ae oe 
Tip of the nose . ; a. ae 
Back of the hand . , : ; . 1 ,, 
Plantar surface of great tee  . . . 18 ,, 
Fore arm, anterior surface. : . 40 , 
Front of thigh... . « « SB» 
Over ensiform cartilage. . . . 50 , 
Between scapule . . . .. 70 ,, 


If one point of the compass be applied to the same spot, and the 
other moved around so as tomark out in different directions the 
limit at which the points can be distinguished as separate, we get an 
ates, of a somewhat circular form, for which the name sensory circles 
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has been proposed. It would be very ‘convenient to explain this on 
‘the simple shatomical basis that the impressions of this area were 
carried by one nerve-fibre to the brain, and thus but the one sen- 
satin, could be produced in the sengorium. But we know this 
cammet be the true explanation, because of the following facta. 
1. No such anatomical relationship is known to exist. 2. By prac- 
tie we can reduce the area of our sensory circles in 8 manner that 
could not be explained by the development of new herve-fibres, 
3. If the two points of the compass be placed near the edges of two 
well-determined neighbouring sensory circles, and so in relation 
with the terminals of two nerve-fibres, they will not give distinct 
impressions ; in fact they require to be separated just as far as if 
they were applied within the boundary of one of the circles where 
they also give rise to the double perception. 

To explain better the sense of locality it has been supposed that 
sensory circles are made up of numerous sinall areas, forming a fine 
mosaic of touch-fields, each of which is supplied by one nerve-fibre, 
and that a certain number of these little fields must intervene between 
the stimulating points of the compasses in order that the sensorium be 
able to recognize the two impulses as distinct. For, although every 
touch-field is supplied by a separate nerve-fibril which carries its 
impulses to the brain, and is therefore quite sensitive, the arrahge- 
mente in the sensorium are such that the stimuli carried from two 
adjoining touch-fields are confused into one sensation. Thus, when 
an edge is placed on our skin, we do not feel a series of points cor- 

ing to the individual fields with which it comes in contact, 
but the confusion of the stimuli gives rise to an uninterrupted 
sensation, and we have a right perception of the object toughed. 


THe SENSE OF PRESSURE. 


There seems to be a reason for separating the perception of differ- 
ences in the degree of pressure exercised by a body from the simple 
tactile or local impression. If we support a part of the body so that 
no muscular effort be called into play in the support of an increasing 
series of weights placed upon the same area of skin, we can distin- 
guish tolerably accurately between the different weights, It has 
heen foupd that if a weight of about 30 grammes be placed on the 
skin a difference of about 1 gramme can be reccgnized—that ia, we can 
distinguish hebween 20 and 30 grammes, if they are applied soon after 
one another. If the weights employed are smaller, a less difference 
can be detected ; if langer weights are used the difference must be 
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greater, and it appears that the weight-difference always bears the 
same proportion to the abselute weight used. We can parceive 
a difference between 7} and 7}, 14} and 15, 29 and 30, 58 and a 
&c., the discriminating power decreasing in proportion as the absolute 
degree of stimulation increases. 

One of the reasons why the sense of locality is regaried as distinct 
from that of pressure is that the latter is found not to be most keenly 
developed in the same parts where the impressions of locality are 
most acute. Thus judgment of pressure can be more accurately 
made with the skin of the fore-arm than the finger-tip, which is nine 
times more sensitive than the former to ordinary tactile impressions, 
and the skin of the abdomen has an accurate sense of pressure though 
deficient in ordinary tactile sensation. 

It has been said above that the weights by which pressure-sense 
is to be tested should be applied rapidly one after the other. This 
fact depends upon the share taken in the mental judgment by the 
function we call memory. In a short time the recollection of the 
impression passes away and there no longer exists any sensation with 
which the new stimulation can be compared. 

At best we can form but imperfect judgments of pressure by the 
skin impressions alone. When we want to judge the weight of a 
body we poise it in the free hand, which is moved up and down so as 
to bring the muscles which elevate it into repeated action. Hereby 
we call into action a totally different evidence, namely, the amount 
of muscle power required to raise the weight in question, and we 
find we can arrive at much more accurate conclusions by this means. 
The peculiar recognition qf how much muscular effort is expended 
is commonly spoken of as muscle-sense, which may’ arise from a 
knowledge of how much voluntary impulse is expended in exciting 
the muscles to action, hut more probably it depends upon afferent 
impulses arriving at the sensorium from the muscles. By its means 
we aid the pressure-sense in arriving at accurate conclusions of the 
weight of bodies, so that in the free hand we can distinguish between 
39 grm. and 40 grm. 


TEMPERATURE SENSE. 


We are able to judge of the differences in temperature of bodies 
which come in contact with our skin. Since our sengations have 
no accurate standard for comparison we are unable to form any exact 
conception of the absolute temperature of, the substances we feel. 
The sensation of heat or cold, derived from the skin itself, with- 
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out ifs coming into contact with anything but sir of moderate 
temperstuxe, varies with many circumstances, and because of these 
Neca rg Aka of judgment of high or low temperature must 
The skin feels hot when its blood-vessels are full ; 
it cm cold when they are comparatively empty. An object whose 
tempereture is the same can thus give the impression of being hot or 
cold according as the skin itself is full or empty of warm blood. 
But independent of any very material change in the blood-supply of 
the cutancous surface of a part, any change in the temperature of its 
surroundings causes a sensation of change of temperature, which is, 
however, a purely relative judgment. Thus if the hand be placed in 
cold water, we have at first the sensation of cold ; to which, however, 
the akin of the hand soon becomes accustomed so as no longer to 
excite the sensation of cold; if now the hand be placed in water 
somewhat warmer——but not higher in temperature than the atmos- 
phere—we have a feeling of warmth. If the hand be now placed in 
as hot water as the skin can bear, it feels at first unpleasantly hot, 
but this feeling soon passes away and the sensation is comfortable. 
If now from this hot water it be placed again in the water of the air 
temperature, thie—which before felt warm—now feels very cold. 

An important item in the estimation of the temperature of an 
object by the sensations derived from the skin depends upon whether 
it be a good or a bad conductor of heat. Those substances which are 
good conductors, and therefore, when colder than the body, quickly 
rob the skin of its heat, are said to feel cold, whilst badly-conducting 
bodies, of exactly the same temperature do not feel cold. It is then 
the rapid loss of heat that gives rise to thg sensation of cold. 

The power of the skin in recognizing changes of temperature “is 
very accurate, although the power of judging of the absolutedegree 
of temperature is very slight. 

By dipping the finger rapidly into water of varying temperature 
it has been found that the skin can distinguish between temperatures 
which differ by only 4° cent. or 3° Fahr. The time required for the 
arrival of temperature impressions at the brain is remarkably long 
when eompared with the rate at which ordinary tactile impulses 
travel. To judge satisfactorily of the temperature of an object we 
anust feel it for some time. 

There must be special nerve-endings which are capable of receiving 
heat impresajons, because warmth applied to the nerve fibres them- 
selves is not capable uf giving rise to the sensation of heat. Thermic 
stimuli, no doubt, do affgct nerve fibres, but only cause the sensation 
of pain when applied to them, 
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These nerve endings are not the same as those that receive touch 
and pressure impressions, because the appreciation of temperature 
differences is not most delicately developed in the parts where the 
tactile sensations are most acute. Thus the cheeks and the eyelids 
are especially sensitive to changes of temperature, a fact known by 
people who want a ready gauge of the heat of a body—thus a barber 
approaches the curling-tongs to his cheek to measure its temperature 
before applying it.to the hair of his client. The middle of the chest, 
moreover, is very sensitive to heat, while it is dull in feeling tactile 
impressions, 

The hand is far from being the best gauge of temperature, for 
heat appreciation is not developed in a due proportion to the keen- 
neas of the tactile sensibility. The larger the surface exposed to 
changes of temperature the more accurate the judgment at which 
we can arrive—the slightest changes being at once recognized 
when the entire surface of the body is exposed to them. The fore- 
going facts are well known to persons in the habit of testing the 
temperature of a warm bath without the aid of a thermometer ; 
they do not use the limited surface of a sensitive tactile finger-tip 
but plunge the entire arm into the water. The elbow, indeed, is the 
common test used by nurses in ascertaining that the water in which 
they are about to wash an infant is not too warm for that purpose. 

Great extremes of heat or cold, such in fact as would act as sti- 
muli to a nerve fibre, do not give rise to sensations of different 
temperatures, but simply excite feelings of pain. Thus, if one 
plunges one’s hand into a freezing mixture or into extremely hot 
water, it is difficult to say at®nce whether they are hot or cold—in 
both cases pain being the only sensation produced. 


GENERAL SENSATIONS. 


We call general sensations those feelings, pleasurable or otherwise, 
which can be excited in us, without our being able to refer them to 
external objects, or compare their sensation with those of the special 
senses, or even to describe their exact mode of perception. Under 
this head are enumerated Pain, Hunger, Thirst, Nausea, Giddiness, 
Shivering, Titillation, Fatigue, &c. 

Of these only pain is commonly referred to any given part, and 
the attempt to localize pain with exactness soon shows how very 
different is our power in this respect in the case of pain and in the case 
of tactile impressions. Thus when we strike otr “funny-bone” (the 
ulnar nerve passing over the condyle of the humerus), by the tactile 
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impressions of the skin we know the elbow is the injured part, but the 
locality of the pain is not so exactly to be determined, for it shoots 
down the arm to the little finger, and is indefinitely spread over the 
region to which the nerve is distributed. 

In studying the laws which govern the perception of painful 
impressions we must make the experiments upon ourselves, since we 
alone can form conclusions from the sensations produced. 

The best way to carry out experiments upon pain is to use extremes 
of temperature, as we can thus graduate the stimulation. The appli- 
cation of a liquid over 50°C., or below 2° C., causes pain. The 
suddenness of application to the part, and its duration, and the extent 
of surface, as well as the previous temperature, have important 
influence in the amount of pain produced. 

The various kinds of pain which we are all more or less familiar 
with seem to be related in some way to their mode of production, 
but we are unable to assign any definite cause for these ditferences 
of character. Thus, though such terms as shooting, stabbing, burn- 
ing, throbbing, boring, racking, dragging pain, have a tolerably clear 
meaning in general, and may be of diagnostic value, we have only 
an indistinct knowledge that throbbing depends on excessive vascular 
distention in a part, that sharp pains are produced by sudden excita- 
tion of a sensitive part, and that the dull pains by the more perma- 
nent stimulation of a part less well supplicd with nerves. 

Further, pain as we think of it ir a complex mental process, made 
up of many items, such as real sensory impressions, fear, disgust, &c. 
When a finger is being lanced patients often cry out most loudly 
before they are touched with the knife, @nd show intense feeling when 
they look at the blood flowing from the wound. 

Hunger and thirst are peculiar and indefinite sensatiofis which 
are experienced when some time has elapsed since food or drink has 
been taken. The exact part of the nervous system in which these 
impressions arise has not been determined. They are, however, said 
to be associated with peculiar sensations in the stomach and throat 
respectively. In the same way the venereal appetite, though asso- 
ciated with local sensations, cannot be 1eferred to any one part of the 
nervous system. 

Nausea is also a sensation which cannot be attributed to any part 
of the nervous centres. It commonly arises in response to afferent 
impulses, ‘such as smells, sights, tastes, pharyngeal, gastric, or other 
visceral irritation, and is antagonistic to the appetites just named. 
All the sensations that give rise to or precede nausea are associated 
in our minds with disagrecable impressions, and no doubt mental 
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operations have much to do with its production. A child, free 
from affectation, may be heard to say of a castor-oil bottle which 
in itself is not ugly, “I can’t bear to look at it, the very thought of 
it makes me feel sick.” 

However, even without any participation of the mental functions, 
unavoidable nausea may come on from irregular motion, as that of a 
ship, which often causes nausea in those unaccustomed to the sea. 
Certain conditions of the blood flowing through the nerve centres 
also cause nausea, 18 when emetics are injected into the blood. 

Giddiness, which consists in a feeling of inability to keep the 
normal balance, is often produced in connection with the last by 
irregular movements, but more surely by a rotatory motion of the 
body. Other afferent influences may give rise to it, viz., from the 
stomach, in some cases of irritation ; from the eye, when we look from 
a height ; from the semicircular canals of the ear by rotation of the 
body; and also from conditions of the blood, as in alcoholic 
toxsemia. 

Shivering is also the result of a peculiar nervous effect produced by 
afferent influences of an unpleasant kind, the sudden application of 
cold to the skin, a revolting sight, 1 shrill noise, an intensely nasty 
taste, and a very shocking narrative, may excite a nervous condition 
which makes us shiver. 

Titillation follows licht stimulation of certain parts of the cutaneous 
surfaces, It isa peculiar general sensation, in moderation not dis- 
agreeable, and usually aceumpanied by a tendency to meaningless 
laughter or reflex movements, 


CHAPTER XXXII. 
TASTE AND SMELL. 
Srexst or Taste. 


NEXT to the sense of touch, which is distributed more or less over 
the whole cutaneous surface, taste is the least localised anatomically. 
Though confined to the cavity of the mouth, its more accurate limi- 
tations are not easily fixed, The point, sides, and posterior part of 
the dorsum of the tongue can most accurately appreciate tastes ; and 
probably parts of the palate also have the power, but in a much lexs 
degree. Indeed, though “the palate” is often spoken of as if it were 
the seat of taste, it really enjoys this function in an insignificant 
degree when compared with the tongue. 

The power of being stimulated by various tastes is not restricted to 
the terminals of any one nerve, but is shared by some of those of at 
least three trunks, which also transmit impulses arising from other 
forms of stimulation. The glosso-pharyfigeal division of the 8th 
pair sends branches to the posterior part of the tongue, which are no 
doubt connected with the special taste organs. The lingual branches 
of the 5th—commonly called the gustatory nerves—have also ter- 
minals capable of being excited hy taste, and probably some fibres 
of the chorda tympani are also employed in this function. 

In the furrows around the circumvallate papilla, and also, but 
more sparsely, on the sides of the fungiform pupille of the tongue, 
are found peculiar organs called ‘‘taste-buds” or “ taste-yoblets.” 
They are embedde in the stratified epithelium, with the cells of 
which their outer layers are intimately connected. They are flusk- 
shaped bodies, composed of u concentric series of flattened cells 
pinched together at the base and at the free surface, where they seem 
to enclose a kind of orifice. Neur the centre the flattened scales ure 
replaced by short thread-like elements, 80 that the whole reminds 
one somewhat of the construction of the head of an artichoke. 
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Fig. 212.—Drawing of upper surface of the tongue, showing the position of the cir 
cumyvallate papille (1). (Sappey.) 


Nerves can be seen entering these bodies, and are in all probability 
directly connected with the modified epithelial cells of which they 
are made up. The relation of the glosso-pharyngeal nerves to these 
taste-buds has been shown by the fact that in the rabbit (in which 
animal they are crowded together in a special organ so as to be 
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easily found) they degenerate, and in a few months disappear, after 
one of these nerves has been cut. 

The genuine taste sensations are very tew. Much of what we 
commonly catl taste depends almost exclusively upon the smell of 
the substance, and we habitually confuse the impressions derived 
from these two senses.¥ The different tastes have been divided into 
four, viz., sweet, sour, bitter, and salt, under some one or othe: of 





Tig 213 —Section through depression between tho cucumvallate papilla, chowing 


taste-buds (Cudiat ) 
a, fibrous tassue of papilla , d and c, cpithchal coveamg of papules, /, taste-buds 


On the nght a, b, show the sepurute cells of a tastc-bud 


which headings all our tastes, properly so called, would taturally 
fall. Though this classification has no just claim to bemg a chemical 
one, it is interesting to know that each taste pretty well corresponds 
to a distinct group of substances chemically allied one to the other. 
Thus, acids are sour, alkaloids are bitter, the soluble neutral salts of 
the alkalis are salt, and polyatomic alcohols, as glyceiime, grape sugar, 


&c., are commonly sweet. 
The substances most probably act on the nerve terminals as 


+ 
® Manv ‘of the comestibles, the taste of which we moat prize, have really no taste, 
bat only a emell which we habitually confound with taxte, buying mingled the eapen- 
ence obtained from the two senses Thus, if the dieft of air be carefully oxcluded from 
the nose, wine, onion, &e , may easily be proved te have no taste Hence the fanuliar 


rule of holding the nose adopted in taking * bad-tasting"’ medicine 
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chemical stimuli, because they must be in solution to be appreciated. 
if solid particles be placed on the tongue they must be dissolved in 
the mouth fluid before they can excite the taste organs. 

In order to explain the appreciation of the different tastes we may 
imagine that there are different kinds of terminals, each of which is 
or is not influenced by various substances according as they possess 
a special sweet, sour, bitter, or salt energy. From these different 
terminals pass fibres bearing impulses to certain central cells, each of 


which is capable of exciting a sweet, sour, bitter, or salt sensation, 
as the case may )e. 


SENSE OF SMELL. 
The numerous delicate nerves which pass from the olfactory bulb 
to the mucous membrane of the upper and part of the middle meatus 
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lig. 214.—Section through the mucous membrane of the nasal fossa in the level of th - 
olfactive region. 


a, Epithelial cells and bundles of nerves; 2, Glands sepurated from each othor by 
bundles of nerves,«. (Cadunt.) 


of the nose form the special nerves of smell. When cerfain subtle 
particles we call odours come in contact with the terminals of these 
nerves they excite impulses which, on arriving in the special centres 
of the brain, give rise to the impressions of smell. 
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Anatomically the relations of the olfactory region are well defined. 
Its mucous membrane is not covered with motile cilia, as is that 
of the rest of the nasal cavity, and it is less vascular and peculiarly 
pigmented, looking yellow to the naked eye when compared with 
the neighbouring membrane. The epithelial cells are elongated into 
peculiar cylinders, between which lie long thin rods, ending on the 
surface in free hair-like processes. The deeper extremities of these 
rod-shaped filaments expand to surround a nucleus, and are then 
continued into a network of filaments, into which prolongations of 
the epithelial cells also seem to pass, and in which the delicate fibrils 
of the olfactory nerve can be traced. The existence of direct com- 
munication between the nerves and the rod-shaped filaments and the 
epithelial cells is satisfactorily established. 

The odorous particles must be in the form of gases, in order to be 
carried by the air into the olfactory region, and the air must be kept 
in motion, by sniffing it in and out of the nasal cavity, in order to 
excite the nerve terminals, which are not influenced by the odours of 
air absolutely at rest, though it be in contact with the mucous mem- 
brane of the olfactory tract. 

The extreme delicacy of appreciation of odours by the olfactory 
nerve terminals is very remarkable. Even in human beings, whose 
sense of smell is but poorly developed when compared with that of 
animals, an amount of odorous substance can he perceived which the 
finest chemical tests fail to appreciate. Thus Valentin has estimated 
that the two-millionth of a milligram of musk is sufficient to excite 
the specific energy of a man’s olfactory a}paratus, 

No satisfactory classification of odours has been made out. The 
common division into agreeable and disagreeable smells, or scents 
and stinks, is dissimilar in different individuals, and ther etre cannot 
have a physiological basis. 

With smell, as with taste, no deuree of intensity of stimulation can 
be said to produce pain, though dissrust, nausea, vomiting, and many 
other psychical and nervous operations may be induced by various 
smells, and the appetites are either excited or annulled by different 
excitations of the olfactory nerves. 


CHAPTER XXXII. 


VISION. 


Next in importance to the intelligence we receive from the skin 
iy that which is conveyed to the brain from the outer world by the 
second pair of cranial, or the optic nerves. 

The ending of the optic nerve differs from any of those we met 
with in the skin, by being enclosed in a very specially arranged organ 
—the eyeball—an apparatus for bending the rays of light, so that 
they exactly reach the delicate sheet of complicated nerve-ending 
which is here spread out. Nothing but the blood and other tissues 
of the eye comein contact with the endings of the optic nerve, which 
is thus placed out of the way of ordinary nerve stimulation. Indeed, 
we shall sce that the light, of which the optic nerves convey intelli- 
gence to the brain, is not properly a nerve stimulus, being merely 
the waving of an imponderable medium, the existence of which is 
assumed. Besides the special arrangements in the eyeball for bringing 
the rays of light to bear on the nerve-endings, there must here be 
some extremely delicate arrangement by which the ether-waves, 
that weecall light, can be converted into a nerve stimulus, or in 
some way maile to affect the nerve terminals in the retina. 

By me&ns of the sense of sight we obtain knowledge of objects at a 
distance from us, because all these objects reflect more or less light, 
and thus make different impressions upon the terminals of the optic 
nerve, which form the outer layer of the retina. 

Light, then, is the adequate stimulus for the retinal nerve-endings, 
and the impulse caused by light is the only impression the optic 
nerve is in the habit of carrying to our sensoria, where the sensation 
of light is formed and distributed among the cells of the brain so as 
to enable us to come to visual conclusions and judgments. As already 
mentioned, no matter what stimulus electric, mechanical, or other, be 
applied to the fibres of the optie nerve, the, sensation produced is 
simply light, and this is thought of as if it came through the eye from 


the outer world. 
H i 
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The study of sight may then be divided into : 

1. The path the light takes on its way through the eye to reach 
the retina. 

2. The molecular changes in the retina which give rise to stimula- 
tion of the optic nerves. 

3. The sensations arising in the sensorium as the result of the 
molecular changes set up in the cerebral nerve cells by the impulses 
from the optic nerve. 

4. The visual perceptions and judzments which our consciousness 
is capable of elaborati-g from the visual sensations. 


THE TUNICS OF THE EYEBALL. 


The organ of vision of vertebrate animals is enclosed in a firm case 
of fibrous tissue called the sclerotic coat, which is continuous with 
the sheath of the optic nerve, and is seen between the eyelids under 
the transparent conjunctiva, and is commonly known as the white 
of the eye. It gives shape and protection to the eye, and though 
translucent, is not transparent. In front a round window-like portion, 
called the cornea, forms the most anterior segment of this protecting 
covering of the eyeball, The cornea is distinguished from the 
sclerotic not only by its glass-like transparency, but also by being part 
of a lesser sphere than the sclerotic, and thus it projects a little more 
than the rest of the bulb. 

Closely attached to the inside surface of the sclerotic is a soft, thin, 
black vascular sheet of tissue which supplies the eyeball with blood, 
being made up chiefly of blood-vessels and stellate, pigmented, con- 
nective tissue cells. Its outer layer is traversed by arteries and 
veins of relatively large size, and its inner layer ix practigally com- 
posed of a dense network of close-meshed capillary vessels, As 
the cornea is approached, the choroid is peculiarly modified and 
thrown into folds, called ciliary processes, forming a series of vascular 
projections, which radiate from the margin of the cornea. At the 
edge of the cornea the choroid js more firmly attached to the sclerotic 
by a circular muscle (the ciliary muscle), and also by bands of tissue 
from the posterior surface of the cornea which hold it in position ; 
the fibres of the ciliary muscle, running under the ciliary processes, 
radiate from the margin of the cornea towards the choroid, to which 
they are attached. In a modified form, known as the «ris, this 
vascular and pigmentéd coat of the eye leaves the sclerotic, and hangs 
freely in a fluid so as to be recognised through the clear cornea as 
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a coloured circular curtain, attached to the inside of the periphery 
of the cornea, and having a central deficiency, which looks black, 





Fig. 215.—Dingram of ughorizontal se tion through the human eye, 


1. Cornea; 2. Sclerotic; 3. Choroid ; 4. Ciliary processes; 5. Suspensory ligament 
of lens; 6. So-called posterior chamber, between the iris and the lens; 7. Iris; 
8. Optic nerve; 8’. Entrance of central artery of the retina; 8”. Central de- 
gression of retina or yellowspot ; 9. Antenor limit of the retina ; 10. Hyaloid 
membrane ; 11. Aqueouschamber ; 12. Crystalline lens; 13. Vitreous humour; 
14. Circular venous sinus which lies around the cornea ; a—a, antero-posterior, 
and, b—b, transverse axis of bulb, 


and is familiarly known as the pupil. The pupil is merely an 
opening ,in the iris, which allows the rays of light to pass into the 
interior of the eyeball. 

Besides supplying nutrition to the non-vascular central parts of the 
eyeball, the choroid is useful in vision by preventing the reflection of 
the light from tne background of the eve in such a way as would 
cause irregularity of its distribution, and thus dazzle and interfere 
with the distinctness of the image. The choroid also is elastic, and 
can move over the neighbouring sclerotic ; it can be drawn forwards 
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by the contraction of the radiating ciliary muscle, which acts as a 
tensor of the choroid membrane. 

The iris has a special power of motion, by means of which the 
opening in it can be made smaller, so as to regulate the amount of 
light admitted to the eye, and cut off more or less of the rays which 


epithelium lying next 
to the choroid coat. 
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retinal veasela run next to 
the vitreous humour. 





Pig. 216.—Diagrammatic section of retina showing the relation of the diffcrent layers 
in the posterior part of the fundus (not the macula luter). (Schultze.) 


wonld pass through the margin of the dioptric media. The im- 
portance of this will be better understood further on. 
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Within the choroid coat, and in immediate contact with it, is the 
nervous coat, or retina, formed by the expansion of the optic nerve, 
which pierces the sclerotic a little obliquely, entering it somewhat 
to the nasal side of the axis of the eye. The retina lines all 
the back part of the eyeball, and stretching forwards, becomes 
fused with the ciliary processes, where, however, the nervous 
elements of the coat are wanting. The fibrils of the optic nerve 
reach the inner surface of the coats of the eye, and lie in immediate 
relation to the transparent medium, which occupies the greater part 
of the bulb. The fibres then lie internally to their terminals, which 
turn outwards and are set against the choroid coat. The ultimate 
nerve-endings are situated in pigmented protoplasmic cells, which 
form the outennost layer of the retina. 


THE Diorrric MEDIA OF THE EYE-BALL, 


The transparent »ubstances which fill the eyeball are, together 
with the cornea, commonly called the dioptric media. The aqueous 
humour lies in contact with the posterior surface of the cornea, and 
just fills the prominence which is formed by this part of the eye. 
It is in this fluid that the movable iris is stretched and separates 
the aqueous department of the eye into an interior and posterior 
chamber. The vitreous humour occupies much the larger share of 
the eyeball. It lies in apposition tu the retina, being separated from 
it only by a thin transparent structure, called the hj yodoid membrane, 
which encloses the clear gelatinous vitreous humour, and is fused 
with the ciliary part of the Setina and choroid. The vitreous humour 
is developed from the young connective tissue of the mesoblast, and 
we find in the adult that mucus is the most striking chemical sub- 
stance %n its texture, though the form elements of the original 
mucous tissue have nearly a)) disappeared. 

The most important of the dioptric media is the crystalline lens. It 
is placed between the aqueous and the vitreous humours, just behind 
the iris, which lies in contact with its anterior surface. It is like a 
strong magnifying glass, bi-convex in shape, the posterior surface 
being more convex than the anterior. The lens is much harder than 
the vitreous humour, but its outer layers are but little denser than a 
atiff jelly. It is enclosed by a firm elastic capsule, which is drawn 
tightly over the anterior surface, and influences its shape, The lens is 
held in its position Ly a thickened part of the soft, elastic hyaloid 
membrane, called the suspensory ligament, which is attached to the 
anterior surface of the capsule, near its margin. The lens and its 
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capsule, together with the vitreous humour, may be said to be 
enclosed in the hyaloid membrane, which is thickened and fixed to 
the capsule, and to the ciliary part of the choroid. Thus any tension 
exercised by the suspensory ligament tends to tighten the anterior 
part of the capsule, and flatten the anterior surface of the lens. 

The ahape of the lens varies at different times of life, being nearly 
spherical in the infant and tending to become less convex in old age 


re b ¢ 
Fig. 217.—Diagram of lens at different periods of life. 


a, At birth; }, Adult; c, Old age. (Allen Thomson.) 


(v. fig. 217). The lens is developed from the outer layer of the 
embryo by the gradual thickening and growing inwards of the 
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Fig. 218.—Showing early stages of the development of the lens. ¢, Epithelial tissue 
going to form lens; 0, Optic cup; a, Epidermis. (Cadiat.) 


epithelium, which meets the optic cup, and after a time is cut off 
from the parent tissue.e The stages of its development may be 
followed in the accompanying woodcuts (v. fig. 218). 


é 
STRUCTURE OF LENS, A471 


The lens is composed of a number of peculiar band-like cells, 
derived from the epithelium, These are cemented together in 
parallel rows, eccentrically arranged in layers. These bands are hex~ 
agonal in transverse section, and in the younger periods of life may 
be seen to contain nuclei. 
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Fig 219.—A further stage of the development of the lens. (Cadiat.) 


a, Elongating epithehal cells forming lens , 5, Capsule, c, Cutaneous tissue 
becoming conjunctiva; d, ¢, Two layers ut optic cup forming retina; f, Ceil 
of mucous trasue of the \1treous humour, ¢, Intercellular substance; 4, De- 
veloping optic nerve. 


In the living state the lens is perfectly transparent, but after death 
it becomes slightly opaque. The nutiiment for the adult lens is 
derived from the vessels of the choroid, which, however, do not 
come into direct communication with its teature. On this account 
the nutrition of the lens is not so perfect as that of many other 
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(Cadiat ) 


t of lens teazed out to show the separate fibres 
a, b, and ¢, show fibres with different sized nuclei. 


4 


cally the lens 





Fig. 220. 


tissues, and it is but imperfectly repaired after injury, which always 
Jeaves more or less opauity. Even without imjury, opacity, giving 


rise to cataract, sometimes occurs during life 


e up of globulin, and furnishes a ready 


a 


is 
source for obtaining this form of albumin for examination. 


Chemi 


REFRACTION. - 473 


Tar DIorrrics oF THE EYE. 


Light travels through ony even transparent body, such as the 
atmosphere, in a straight line. But when it meets any change in 
density, particularly when it has to pass obliquely into a denser 
medium, the ray is bent so as to run in a direction more perpendi- 
cular to the surface of the denser body. The degree of bending or 
refraction of the rays depends chiefly on the difference in density of 
the two media and the angle at which the ray strikes the surface of 
the more dense. 

On its way to the sensitive retina, the light has to pass through 
the various transparent media just named, viz., thé cornea, the 
aqueous humour, the crystalline lens, and the vitreous humour. 
On entering these media, which have different densities, the rays 
of light reflected from any luminous body become bent or refracted, 
so that they are brought to a focus on the retina, just in the same 
way as parallel rays of light from the sun may be focussed on a near 
object by means of an ordinary convex lens. 





Fig. 221.—Diagram showing the course of parallel rays of light from a, in their passage 
through a biconvex lens 1, in which they are so refracted as to bend towards 
and cume to a focus at a point f. 


Only #% much light reaches the fundus of the eye as can pase 
through jhe opening in the iris, so that a comparatively narrow and 





Fig. 222.—Diagram showing the course of diverging rays, which ame bettt to a point 
further from the lens than the parallel rays in last, fig. 


varying beam is admitted to the chamber in which the nerve-endings 
are spread out for its reception. 
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If we hold a biconvex lens at a certain distance from the eye and 
look out of the window through it, we see an inverted image of the 
landscape. If we place a piece of transparent paper behind the lens, 
we can throw a representation of the picture on it, which, however, 
will be seen to be inverted. This power of convex lenses is employed 
in the instrument used for taking photographic pictures, called a 
camera, which consists of a box or chamber into which the light is 
allowed to pass through a convex lens, so that an inverted image of 
the objects before it is thrown upon a screen of ground glass within 
the box. When the sensitive plate replaces the screen, the light 
coming through the lens makes the photographic picture. 

Just in the same way an inverted image of the things we look at 
is thrown on the retina of the eye by the refracting media. This 
may be seen in a dark roum, if a candle be placed at a suitable dis- 
tance in front of the cornea of a fresh eye taken from a recently- 
killed white rabbit. When cleared of fat and other opaque tissues, 
the sclerotic is transparent enough to act as a screen upon which the 
inverted candle flame can be recognised. 

Though our organ of vision is commonly compared to a camera 
obscura, the refractions of the light which occur in it are far more 
complex than those taking place in that simple instrument. In the 
latter we have only two media—the glass lens and the air; in the 
eye, on the other hand, we have several, which are known to have a 
distinct refractive influence on the rays which pass through the 
pupil. 

Since the surfaces of the cornea, however, are practically parallel, 
we may nevlect the difference between‘it and the aqueous humour, 
and look upon the two a3 one medium, having in front the shape of the 
anterior surface of the cornea, and behind, the anterior surfate of the 
Jens, so as to form a concavo-convex lene. We thus have gly three 
media to consider, viz.: (1) the aqgucous humour and cornea ; (2) the 
lens and its capsule ; and (3) the vitreous humour. And only three 
refracting surfaces need Le enumerated, viz.: (1) the anterior surface 
of the cornea; (2) the anterior surface of the lens; and (3) the 
posterior surface of the Jens. 

These refracting surfaces may all be looked upon as portions of 
spheres whose centres lie in the same right line, and hence may be 
said to have a common axis. And the eye may be regarded as an optic 
system, centred around an axis which passes through the middle point 
of the cornea in front, and the central depression (fovea centralis) of the 
retina behind. This is commonly spoken of as the optic axis of the eye. 

The rays of light entering the eye are most strongly refracted at 
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the surface of the cornea, because they have to pass from the rare 
medium, the air, to the denser cornea and aqueous humour. Sv 
also more bending of the rays occurs between the aqueous humour 
and the anterior surface of the lens than between the posterior 
surface of the lens and the vitreous humour. 

The lens is not of the same density throughout, but denser 
in the centre, and being made up of layers, the central part refracts 
more than the outer layers. 

The manner in which the inversion of the image is produced 
by a convex lens, is shown in the accompanying figure, in which 
the lines correspond to the rays passing froin two points through the 
lens. If the arrow aw’ he taken for the object, from either extre- 
mity of it rays pass throuvh, and are more or less bent by the lens. 
It will be sufficient to follow the course of three rays from the head. 
of the arrow. One of these passes through the centre of the lens, 
and leaves it in the same direction which it entered, because the two 
surfaces at the points where it entered and left may be reyarded as 





Fig. 223.—Showing the course ot the rays of light from two luminous points to the retina. 
The rays from the point a on passing through the cornea, lens, &c., are collected 
on the retina at ). Those from «’ meet at 2’, and thus the lower point becomes 
the upptr. 


parallel, and eo cause no refraction. The rays which do not pass 
through the centre are bent on entering and on leaving the lens, so 
that they all meet at the same point and there produce an image 
of the head of the arrow, atl’. In exactly the same way the feather 
end of the arrow is produced at ) ; the position of the image of the 
object is thus reversed by the light rays passing through the lens. 

In a biconvex lens, with the two surfaces of the same degree of 
convexity, the central point throngh which the rays pass’ without 
being refracted is ensily made out, as it is the geometrical centre of 
the lens. This central point is spoken of a8 the optical centre, 
With systems of lenses of varying convexity, and more than one in 
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number, as we have in the eye, where the rays of light are bent 
at different surfaces, itis much more difficult to determine the optical 
centre. However, by means of the measurements made by Listing, 
two points close together are known, which may be said to correspond 
practically with the optical centres of the eve; they lie in the lens, 
between its centre and posterior surface. The path of the various 
rays may thus be exactly made out.* 

The rays which come from a distant luminous point and fall upon 
the eye, are refracted by the cornea and aqueous humow, so aa to 
be made conrergent on their way to the lens; they are then further 
bent at the surfaces of the lens, so that they are brought exactly to a 
point on the retina, That is to say, for distant luminous points, 
the retina lies exactly in the plane of focus of the dioptric media of 
the normal eye. 

This convergence of the rays to a point on the retina, is the first 
essential in order to be able to see clear and distinct images ; for if 
the rays from each point of a luminous body were not united on the 
retina as points, the cflects of the different rays from the various 
points of a body would become mixed, and there would be loss of 
definition of its image. ‘ 

The rays from any bright point which enter the eye through the 
pupil may be imagined tu form a luminous cone, the point of whicli 
lies at the retina, and its base at the pupil. After their union at the 
point of the cone, the rays would diverge again if the retina were not 
there to receive them. 

It may be seen from the foregoing figure that if the retina, which 
normally would lie at 2, were placed ‘nearer the dioptric apparatus, 
say at 1, or further from it, at 3, it would not meet the exagt point of 
the luminous cone, but would receive the rays either before they 
came to a point, or after they had diverged from it. Thwe*indistinct 
rings of light would be seen instead of one luminous point, and an 
image would be blurred and indefinite. 

From this it follows that the eye, when quite passive, can only 
get an exact image of bodies which are placed at a certain dixtance 
from it, just as, for any given stute of a camera, only thuse bodies in 
one plane come into focus and vive a clear picture on the screen. If 
the dioptric apparatus of the eye were rigid and unalterable, since 
the relatjon of the retina to it is permanently the same, we could 

* The impossibility of making clear the important relationships, nodal pointe, and 
other constants of the eye in a short text bouk, and the deterrent effoct exerted upon 
the mind of a junior student by brief incomprehensible statements, has induced the 


author to omit this part of the subject, and he must therefore refer those who are 
anxious to learn the cardinal pointe of the eye, tu the more advanced text books. 


SCHEINER’S EXPERIMENT, 477 


only see those objects clearly which are at a given distance from 
the eye. We know, however, that we get as distinct an image of 
distant as well as of near objects, and we can look through the 
window at a distant tree, or we can adjust our eyes so as to be able 
to see a fly walking on the window pane. However, we cannot see 
both distinctly at the same 
moment. This may be de- 
monstrated by what is known 
ns Scheiner’s experiment, 
which is carried ont in the 
following way. Two pin-— 
holes are made in a card at a 
distance from each other not 
wider than the diameter of 
the pupil. The card is then 
brought close to the eve, so 
that a small object—such a3 pip 994 To illustrate Scheiner’s experi- 
the head of a bright pin— ment ; for explanation, see text. 

can be seen through the holes. 

The dioptric media heing fixed, moving the olyject nearer to or further 
from the eye would have the same effect as changing the relation of 
the retina to m » or p q in fig. 224, by means of which we may explain 
the following observations: (1) The eye being tixed upon the object 
(of which oniy one imave is seen), move the pin rapidly away ; two 
objects now appear, showing that the rays coming through the holes 
have met before they reach fhe retina as at pq. (2) Move the pin 
near the eye ; again two very blurred objects are seen, for the 
rays have not met when they strike the retina, as atm 2. (3) Keep- 
ing the qhject in the sxme position, alter the gaze, as if to look first at 
distant and then at near objects ; in both extremes two images are 
seen. (4) When the object is in exact focus as at c, the closure of one 
of the holes does not affect the single image. (5) When two images are 
seen, Closing the right hand hole at g causes the right or left image 
to disappear according as the focus ¢ falls short of m2 or is beyond 
pq, the retina. (6) By moving the pin’s-head nearer the eye, a point 
is reached at which the object cannot be brought toa focus as a single 
image. This limit of near accommodation marks the near point. A 
little attention teaches us that looking at the near object requires 
an effort which looking at the distant one does not ; in fact, we have 
to do something to see things near us distigctly. This act is the 
voluntary adjustment of the eye which we call its accommodation for 
near vision. 
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ACCOMMODATION. 


The difference of distance for which we can adjust our eyes is great, 
so that our range of distinct vision is verv extensive, As already stated, 
the normal eye is considered to be constructed so that parallel rays of 
light, 2.2. those coming from practically infinite distance, are brought 
toa focus onthe retina. This is why we see the stars—which are prac- 
tically infinitely remote from us—as mere luminous points. It is 
therefore impossible to fix a“ far limit ” to our power of distant vision. 
The nearer an object is brought to our eyes, however, the more effort 
is required to see it distinctly, until at last a point is reached where 
we cannot get a clear outline, no matter how we “strain our eyes.” 
For a normal eve, called the emmetropic eve, this “near limit” is 
about 12 cm., or 5 inches, but it varies in different individuals, 

For objects that are over 10 metre~ distance very little change in 
the eye is required in order to see them distinctly, and the nearer 
the object approaches the more frequently the adjustment of the eve 
has to be altered in order to see it clearly. But at every part of the 
range of distinct vision objects at different distances can be seen 
without moving the adjustment. The range of this power is measured 
on the line of vision, and called the focal depth. In the distance 
we can take in a greater depth of landscape, and this without effort 
or fatigue ; but when looking at near objects we must constantly 
accommodate our eyes afresh in accordauce with the shallowness of 
our focal depth. 

The mechanisms by means of which the accommodation of the 
eye is accomplished, differ from anything that can be applied to an 
artificial optical instrument, and are much more perfect. , 

The changes which have been olserved to take place are (1) The 
iris contracts so that the pupil becomes smaller; (2) tht ‘centre of 
the anterior surface of the crystalline Jens moves slightly forwards, 
pushing before it the pupillary maryin of the iris, and lecomes more 
convex ; (3) the posterior surface of the lens also becomes more 
convex but without changing itx position. 

These changes can be seen in the accompanying diagram, showing 
a section of the lens, cornea, and ciliary region (fig. 225), in the 
left-hand side of which the lens is drawn in tle position it assumes 
when acepmmodated for near objects, These movements can be scen 
to take place in life by observing the changes in relative positions, 
&c., of the reflections of a candle flame thrown from the cornea and 
the two surfaces of the lens. On the cornea is seen a bright upright 
flame ; next comes a large diffused reflection frum the anterior surface 
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of the lens, and at the other side of this a small inverted image of 
the flame reflected from the posterior surface of the lens. When 
the adjustment is changed by looking from a far to a near object, 
the image on the front of the lens becomes smaller and moves 
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Fig. 225.—Diagram showing the changes in the kns durn g uccommodaticn, The 
muscle on the right is supposed to be passive as in ‘loukmg at distant objects, 
the ligament (1) is therefore tight, and compresses the antcrior surface of the 
lens (4) so as to flatten it, On the left the ciliary muscle (¥) is contracting so 
as to relax the ligament, which allows the lens to become more convex. This 
contraction occurs when looking at near objects. 


towards the centre of the pupil. The image on the back of the Jens 
also becomes smaller but does not chanye its position. The exact 
amount of movement has been accurately measured by a special 
instrument called an ophthalmometer, and the motions can be made 
more obvious by means of the phakoscope, in which a dark box and 
prisms are placed before the observed eye, and each image is made 
double, so that the change in position of its two parts may be more 
obviougthan a mere change of size. 

The alteration in the shape of the lens is accomplished by the 
action Sethe muscular ring already named, which radiates from the 
edge of the cornea to the ciliary region of the choroid coat, where 
it is attached. The junction of the cornea and sclerotic being its 
fixed point, when the ciliary muscle contracts it draws the 
choroid coat and the connections of the suspensory ligament of the 
lens slightly forwards. Under ordinary circumstances, the eye being 
at rest, the suspensory ligament is tense and exerts a radial traction 
on the anterior part of the capsule of the lens, and thus tends to 
stretch it flat; this affects’ the shape of the soft lenx and reduces 
its convexity. When the ciliary muscle shortens it draws forwards 

_ the attachment of the suspensory ligament, relaxes it, and removes 
, the tension of the capsule, so that the unconstrained elastic lens 
[ bulges into its natural form, The posterior surface cannot extend 
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backwards, because there it is in contact with the vitreous humour, 
which, if anything, is held more firmly against it by the increased 
tension of the hyaloid membrane during the contraction of the ciliary 
muscle. 

The act of accommodation is a voluntary one, the nerve bearing 
the impulse to the ciliary and iris muscles, coming from the 3rd 
nerve by the ciliary branches of the lenticular ganglion. The 
local application of the alkaloid of the belladonna plant (atropin) 
causes paralysis of the ciliary muscle and wide dilatation of the 
pupil ; and the alkaloid of the calabar bean (physostigmatin) pro- 
duces contraction of the muscle of accommodation and extreme con- 
traction of the pupil. 


DEFECTS OF ACCOMMODATION. 


Myopia. It has been said that the “near limit” of distinct vision 
differs in many persons from the twelve centimeters of the normal 
emmetropic eye, and it is further found that the power of accommo- 
dation varies very much in different individuals. Thus “short 
sichted ” people, who have myopic eyes, z.e., in which distant parallel 
rays fall short of the retina, the near limit may only be half the 
normal, 1.¢., five centimeters, and the far limit, which is normally in- 
definite, is found to be within a comparatively short distance of the 
eye. They, therefure, cannot see distant objects clearly, since the 
rays are focussed before the retina ix reached, and then diverging, 
cause diffusion circles and a blurred picture. The work of their 
accommodation is also much more laborious, since they can only see 
in that part of the range of accommodation where the adiustment 
haa to be altered for slight variations of distance. The defect can 
be made much less distressing by the use of concave glasex~, which 
make parallel rays strike the cornea as divergent ones, and thus 
allow them to be focussed on the retina. 

Hypermetropia. Another abnormality is “long sight.” In the 
hypermetropic eye, parallel rays of light are brought toa focus at a 
point beyond the retina, so that divergent or parallel rays cause 
diffusion circles and a blurred image. This may be corrected by 
means of convex glasses which make the rays convergent before they 
strike the corneal surface, and thus enable them to be sooner brought 
to a focus by the dioptric media of the eye. 

Presbyopia is the name given to a change in the perfectneas of 
accommodation frequently accompanying old age. The lens probably 
gets less elastic and the ciliary muscle weaker, so that the change in 
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furm required to see near objects is more difficult or impossible to 
attain. Biconvex lenses help to overcome the difficulty. 





Fig. 226.—Showing the course of the rays of light from two luminous points to the retina. 
The rays from the point a on passing through the cornea, lens, &c., are collected 
on the retina at b. Those from a’ meet at 3’, and thus the lower point becomes 
the upper. 


DEFEcTS OF Dioptric APPARATUS. 


In common with all divptrical instruments the eye has certain 
optical defects which tend to interfere with the exact definition of 
the image. 

Chromatic aberration is due to the breaking up of white light into 
coloured rays owing tu the different coloured lights, of which ordi- 
nary light is composed, possessing different degrees of refrangibility. 
We know this in the spectrum and in the coloured rings always 
seen in the marginal part of a biconvex lens made of one kind of 
vlass, which acts like a prisnf It can be corrected by making lenses 
of two kinds of glass, one of which counteracts the dispersion caused 
by the other. Optical instruments may thus be made achromatic. 
This dé&et is minimised by the iris, which cuts off the marginal 
rays in which it is most apt to occur. Possibly the different density 
of the dioptric media may have a correcting effect on the chromatism 
of the eye. Further correction takes place in the nerve centres which 
receive the sensation, for just as we mentally re-invert the image, we 
tail to see the colour. At any rate the chromatic aberration is so 
slight that it needs certain artifices to make it observable. 

Sphertcal aberration depends upon the fact that luminous rays, on 
passing through a convex lens, strike the various parts of its surface 
ut different angles, and hence are differently refracted. The rays 
striking the margin of the lens are more bent than those passing 
through the centre, and hence the former come sooner to a focus. 
Thus a luminous point gives rise to a diffused figure, which is cir- 

11 
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cular in perfectly centered dioptric systems, or stellate in our eyes 
where the centering of the lenses is not absolutely accurate. Spherical 
aberration causes us no inconvenience, as the iris only allows the 
central rays to pase, upon which it can produce no noticeable influence, 

Another optical defect in our eyes is astigmatiem, depending 
upon seme irregularity of the curvature of the cornea, which may be 
bent more horizontally than vertically, or vice verad. In either of 
theee cases the light in the vertical and horizontal planes will be 
differently refracted, so that lines drawn in the two directions will 
require different adjustments to see them distinctly. This may be 
at once recognized if we gaze with one eye at the centre from which 
many sharply-defined lines radiate, when only certain ones can be 
seen distinctly, unless we move the eye or change its accommo- 
dation. When the excessive curvature extends evenly over the 
whole diameter of the cornea it gives rise to what is called regular 
astigmatism, and when the unevenness is localized to one spot of the 
corneal surface it is called irregular astigmatism. 

The astigmatism which may be called physiological is not noticed 
by the individual, but pathological astigmatism often occurs and 
requires cylindrical glasses to correct it. 

Entoptic images are those which depend on the presence of some 
opacity or difference in density in the transparent media of the eye 
itself. They look like variously-shaped specks moving over the field 
of vision. They are only remarkable when we look at an evenly 
coloured object or through a pin-hole in a black card. In using the 
microscope they often annoy the unpractised observer. 


THE IRIs. 


It has already been mentioned that the motions of the-fris alter 
the size of the pupillary opening through which the rays of light 
must pass, and while it regulates the amount of light admitted, 
it always cuts off alarge amount of the marginal rays acting like the 
diaphragm of an optical instrument. The great importance of not 
allowing the rays which would traverse the margin of the lens to 
enter the eyeball can be understood after what has been said of 
spherical aberration. But the iris also moves so as to contract the 
pupil when the eye is adjusted for near vision, independently of 
the intensity of the light by which the object is illuminated. This 
action is of great advantage in viewing near objects, because the more 
convex the lens becomes, the more injurious are the marginal rays. 
If the iris did not thus contract in near vision, the nearer we 
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brought an object to our eye the greater would be the tendency to 
indistinctness caused by spherical aberration. 
The iris consists of a framework of delicate connective tissue, like 





Fig. 227.—Section through the ciliary region, showing the relation of the iris (/) to 
the choroid and the ciliary muscle (a), which ariscs from the margin of the 
cornea at (ce), and passes towards the choroid to the mght where it separates 
the latter from the sclerotic. 


that of the chorvid coat, containing many blood-vessels. On its 
posterior surface is a dense layer of pigment cells called the uvea, 
whieh gives the eye its colour. The motions of contracting and 
dilating the pupil are carried out by smooth mu«cle fibres. The act 
of contracting the pupil is performed by a very definite set of fibres 
forming the sphincter which surrounds the margin of the pupil, while 
other fibres are said to radiate from the pupil to the attached margin 
of the iris. The sphincter Inuscle seems always to be more or less 
in actiqgn, because if it be paralysed the action of the dilating 
forces becomes obvious. But the muscular character of the dilator 
has beéYaloubted from the fact that the fibres have not been satis- 
factorily demonstrated. Certainly the sphincter seems to be the 
stronger of the two, for strong electric stimulation cauzes contraction of 
the pupil, and shortly after death the pupils dilate. We must assume 
that the power of the sphincter dies more quicklv than that of the 
dilator, or relaxes because it has lost the stimulus reflected from the 
fragile retina. 

The nerves supplying the dilator muscle seem to be derived from 
the sympathetic, for when the sympathetic in the neckJjs cut, the 
pupil remains permanently contracted. These fibres are supposed 
to take origin in the grey matter of the cervical spinal cord. The 
sympathetic also supplies the muscles in the walls of the vessels, and 
thus controls the amount of blood going to the iris. Though the 
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variation in blood supply may co-operate in causing dilatation, it 
cannot be the only cause, as the widening of the pupil may be caused 
in a bloodless eye. 

The nerve mechanism by which the sphincter muscle is made to 
contract is quite distinct, and more definitely understood. Its con- 
traction is a reflex act, the stimulus of which starts in the retina 
and travels along the optic nerve as an afferent channel to the 
corpora quadrigemina, where there is one centre governing the con- 
tractions of both irides. The efferent impulses are sent along the 
third nerve to the lenticular ganglion, and thence by the short 
ciliary nerves to the eyeball. 

When we accommodate for near objects three muscles act in 
unison, s0 we say their movements are “associated” with one another. 
The voluntary effort that causes the ciliary muscle to relax the sus- 
pensory ligament, makes the sphincter of the iris contract, and also 
stimulates the internal rectus to move the eye inwards. The voluntary 
nerve centre must be in intimate relation to the reflex centre, which 
keeps up the tonic action of the sphincter iridis, 

We have then central nerve governor. for the ciliary and iris 
movements. The ciliary muscle and sphincter of the pupil are 
together stimulated by the will, and the sphincter alone is excited 
by means of a centre which reflects the stimulus arriving from the 
retina by the optic nerve along the branches of the third nerve. 
The dilator of the pupil, if a muscle, is also kept in gentle tonic 
action by the impulses sent from the spinal marrow, tid the sym- 
pathetic, with the vaso-motor impulxey ; but some think that the 
blood supply and tissue elasticity explain the dilatation. 

From the facts (1) that reflex contraction of the pupil may.)e pro- 
duced by stimulating the retina, even when the eye is cut off from 
the brain centres, and (2) that the local effect of atropia inTiilating, 
and calabar bean in narrowing the pupil, seem in a measure indc- 
pendent of the central nerve organs, it hax been concluded that 
there must be some local nerve mechanism in the eye itself capable 
of reflecting nerve stimuli and being affected by these poisons. 

The student must never lose sight of the circumstances under 
which the pupils contract, namely :— 

1. The application of strong light even to one retina, causes reflex 
stimulatiom of the ciliary nerves, 

2. Stimulation of the nasal and ophthalmic branches of the fifth 
afferent nerve excites the sphincter. 

3. Contraction of the pupil is “associated” with accommodation 
for near objects. 
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4, Similar “ associated” contraction, accompanies inward move- 
ment of the eyeball. 

5. During sleep, or as the result of vasomotor disturbances in the 
brain (ansemia), the pupil contracts. 

6. Under the influence of physostigmatin, nicotin, and morphia. 

7. From any stimulation of the optic or third nerves or the corpora 
quadrigemina. 


The circumstances in which the pupils are found to be dilated 
are equally important from a practical point of view, namely :— 

1. In the dark or with insensitive retina. 

2, Irritation of the cervical sympathetic. 

3. Under the influence of atropin, daturin, &c. 

4, In asphyxia or dyspnea from venosity of the blood. 

5. Painful sensations from the skin, &c. 


THE OPHTHALMOSCOPE. 


When we look intv the eye the pupil appears quite black, because 
the illumination of the eye-chamber is not sufficient to show its 





Fig. 228.—Ophthalmoscopic view of fundus of eye, in which the central (gand e) 
and the corresponding veins (4 and d@) are seen coursing through the retina from 
the optic disc (4). 


parts from the outside, when the light is strong. In the same way 
when we try to look into a rvom in the daytime through the 
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window we see nothing in the depth of the room, because the light 
outside is so much stronger than that within the room. If, however, 
we look in at night, when the room is lighted up while it is dark out- 
side, we can see every object clearly. So if we illuminate the inside 
of the eye by any means we shall be able to see the details of the 
inside of the eve-chamber. 

This means is supplied by the ophthalmoscope, which reflects the 
light from a lamp into the chamber of the eye so as to illuminate it 
completely, and when the surroundings are not too bright, the fundus 
of the eye can be clearly seen and investigated. A lens is usually 
interposed between the eyes of the observer and the observed, in 
order not only to illuminate but also to magnify the fundus and 
enable the observer to see all the details of the parts. With this 
instrument a round whitish part is seen a little to the nasal side of 
the axis of the eye, where the nerve pierces the dark choroid coat. 
This is called the optic disc. The fundus now, when lighted up, 
does not look black, but is of a lurid red colour, owing to the great 
vascularity of the chorvid cvat. Over this red field are seen o 
number of }lood-vessels, which start from the centre of the optic 
disc, and radiating over the fundus send branches to the most ante- 
rior parts that can be seen. These are the branches of the vessel 
which runs in the centre of the nerve. In the very axis of the eve 
a peculiar depression, free from branches of the  blood-vessels, 
cau te seen. This central depression (fovea centrali«) differs o 
little in colour from the neighbouring parta during life, and 
turns yellow at death, and hence has been called the “yellow 
spot.” The retina is so transparent fnat we cannot we it with 
the ophthalmoscope, but the radiating vessels (central artvyes and 
veins of the retina) lie in it and Lelony to the nervous structue 
only. 

The ophthalmoscope has proved of inestimable value not only to 
the ophthalmologist but also to the physician, as a means of arriving 
at an accurate knowledge of disease. Hence it has become more 
a pathological than a physioloyical instrument, 


LicuT IMPRESSIONS. 


The ae ia the part of the eye by which the physical 
motion—light is changed into the physiological phenomena known 
as nerve impulse, by a of which the impression of light is 
excited in the brain. In reaching the retina the light is not in 
any way altered from the light with which physicists experiment, 


 ] 
STRUCTURE AND FUNCTION OF THE RETINA. 487 


but at the‘retina this physical motion is stopped. The optic 
nerves no more convey the light waves from the eye to the brain 
than the tactile nerves carry the objects that stimulate their 
endings, but only send a nerve impulse which the retina, on its 
exposure to the light, excites in the optic nerve. As already stated, 
any form of stimulation will cause the same kind of impulse to pass 
to the brain and there set up the same sensation of light. Thus we 
are told by persons who have had their optic nerves cut that the 
section was accompanied hy the sensation of a flash of light. Any 
violent injury of the eye-ball causes a flash of light to be experienced. 
This fact has long since been arrived at in a practical manner, 
for a blow implicating the eye-ball is vulgarly said to “make 
one see stars.” Also, without violent injury, if we close the eyes 
and turn them to the left side and then press with the point of a 
pencil on the right side of the eyeball through the lid, we have a 
sensation of a point or ring of light on the opposite side of the 
eyeball. Thus we say that the specific energy of the optic nerves 
excites a sensation of liyht, and the adequate stimulus of the organ 
of vision is light. The first question that arises is, what part of the 
retina does this important work of stimulating the optic nerve when 
light impinges on its terminals / 


THE Function oF THE RETINA, 


The retina is not a simple sheet of nerve fibrils or of nerve cells, 
but a most complex peripheral apparatus, which to histologists bas 
offered an endless field of*study. This complex body is spread all 
over the fundus of the eye except at the optic disc, where the nerve 
pierces all the coats of the eye ; here there is nothing else but nerve 
fibres@zyl hence no retina properly so called. 

The structure of the retina varies in different parts, but it may be 
said to be composed in the main of the following layers. The excep- 
tions will be mentioned afterwards, viz.:—(Compare fig. 216.) 

Lying next to the hyaloid membrane is the layer of nerve fibres 
which radiate from the optic disc to the ora serrata near the ciliary 
region. The fibres spread evenly over the fundus except at the 
central point (fovea centralis), which they avoid by passing on each 
side of it. 

Next to the fibres comes a layer of nerve cells, these sed commonly 
to have one pole connected with a fibre from the optic nerve, while 
from the other side two or three poles send processes into the other 
layers of the retina. 
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Then comes an indistinct layer made up of granular‘material and 
two layers of peculiar nuclear bodies, with a layer of granular 
material between them. 

Outside of these, and separated by a fine limiting membrane, is the 
most important layer of the retina. It consists of a layer of rods 
and cones which are connected with those parts of the retina already 
named, and seems to 
project into the pro- 
tuplasm of pigmented 
cella of epithelial 
character, which, on 
their outer face, show 
a striking hexagonal 
outline. 

A nerve fibril then 
may be said to have 
the following course : 
entering with the other 
fibrils at the porus 
opticus, it reaches the 
immediate vicimty of 
the hyaloid membrane, 
and runs a certain 
distance in contact 
with that membrane, 
it then turns outwarde 
towards the choroid 
and enters a nerve 
cell. From the nerve 
Fig. 229 —Showing the coursc of the fibies of the cell pass on a gpx.ple of 

optic nerve x, as they pass along the mner surface filaments which pierce 
eakiep aed oe begdljop dros: seat een the variousgranularand 


of rods and cones m the pigment lay p, next NUClear layers—where 
the chorond +. they probably freely 


Inosculate with the 
fibrils from other cells—and fiually terminate in a rod ora cone. 
The rods and cones may then be regarded as the ultimate terminals 
of the nerves, and they lie in the active protoplasm of the peculiar, 
pigmented epithelium cells. 

It is this outer layer, consisting of rods and cones lodged in epithe- 
lial protoplasm, which is the really effective part of the retina. Of this 
we have the following evidence :-— 
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1. The fact that the rods and cones must be regarded as the real 
anatomical nerve terminals of the optic nerve. 

2. Where the optic nerve enters the eyeball and the nerve fibres 
are fully exposed to the light, there are no rods and cones. This 
part, the optic disc, cannot appreviate light, and hence is called 
the “blind spot.” This fact shows that the nerve fibres are 
quite insensitive to light, and that we must look to the terminals 
for its appreciation. The existence of the blind spot can be demon- 
strated as follows. Shut the left eye, and hold the left thumb, at 
ordinary reading distance, in front of the right eye. While the eye 
is fixed on the left thumb bring the right thumb within about four 
inches of it and move it slowly an inch or so from side to side. A 
little practice soon finds a place when the right thumb nail dis- 


' A 


appears. It also can be demonstrated by steadily fixing the right eye 
on the amall letter “a” and moving the page to or from the eye very 
slowly ; adistance may thus he reached when the large letter “A” is 
quite lost. On approaching the page—the eye otill fined on “a’?—“A” 
reappears from the inner side; on withdrawing the page it comes 
into view from the outer side. This blind spot is not noticed in 
ordinary vision ax we have habitually overcome the deficiency since 
infancy by our judgments being derived from two eyes. By rapid 
movements one’ eye hides the deficiency, as seen when attempting the 
experiment just described. 

3. The fact that when the eye is illuminated in a peculiar way we 
can see the shadow of the blood-vessels which lie in the inner layers 
thrown upon the outer layer of the retina, also shows the latter to 
be the sensitive one. This phenomenon, known as PURKINJE'S 
FIGURES, can be demonstrated as follows. Close the left eye in a 
dark room, with an evenly dull-coloured wall, and while you stare 
fixedly at the wall hold a candle so that the light van reach the 
fundus of the eye from the side. With a little practice the least 
motion of the candle will bring out an arboresvent figure on the 
wall, which exactly corresponds to the retinal vessels, It may also 
be seen by arranging a microscope so as to show a bright light—on 
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looking into the instrument and either moving it or the head slightly 
but constantly—the shadows of the retinal veusels will be clearly 
seen as though they were under the instrument. 

4. The yellow spot, where the retina is chiefly made up of the cone 
layer, is very much the most sensitive part of the retina, and, nearer 
the ora serrata, where the rods and cones are but badly developed, 
sight is least acute. 

As in the perception of two points of contact, so we find the 
retina ceases to be able to distinguish the difference between two 
luminous points, if they be brought to a focus at a distance of less 
than ‘002 mm. from one another. This distance nearly corresponds 
to the diameter of the cones, and it is supposed that the rays from 
two luminous points must come upon two different cones in order to 
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Pig. 230.—Section of the retina at the yellow spot, showing the great number of 
cones (a) at this point, and the thinness of the other layer. (Cudiat.) 


be visible as two distinct objects. The cones are, however, very 
irregularly distributed over the retina, being packed closely together 
at the yellow spot, and scattered more and more widely apart as one 
passes to the peripheral parts of the retina. It is only at the yellow 
spot in fact that the cones, which here are very thin, are so close 
together as ‘002 mmn., 80 that this estimation of the size of visual 
areas only‘could hold good of the yellow spot, and towards the peri- 
pheral parts the power of discrimination must be much less keen. 
This is found to be thé case, for in ordinary vision everything seen 
clearly with a sharp outline must be brought upon the yellow spot. 
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This is spoken of as “direct vision.” The images falling on the 
other parts of the retina are but dim and indistinct outlines, and 
these are spoken of as “ indirect vision.” 

The stimulus need only be applied for a very short time in order 
to cause a distinct sensation, for we can distinctly see a single electric 
spark ; it need only be applied to an extremely small part of the 
retina, as we can, by direct vision, see a very minute speck of light, 
and a very feeble ray suffices to stimulate the retina. The amount 
of stimulation produced depends upon (1) the intensity of the light, 
.¢., the amount of light received in a given area; (2) the duration 
of ite application ; and (3) the extent of retina to which it is applied ; 
(4) the part of the retina stimulated ; (5) the darker the background 
the weaker the illumination we can distinguish, 7.¢., the greater the 
stimulating effect of a weak light ; (6) by fatigue the retina loses its 
power of appreciating light, and more stimulus is required to produce 
a given effect. On waking, the daylight is at first dazzling, but soon 
the retina can bear the stimulus. An increase of intensity of light 
does not cause an exactly proportional increase of stimulation, for we 
find the more the light is intensified the less are we able to notice a 
fresh increment of hght until a degree of intensity is arrived at, when 
no further addition can be detected, and the light becomes blinding. 
The less the absolute intensity of two lights the better can we dis- 
tinguish any difference that may exist between them. 

The effect lasts for a noticeable time after the stimulus has been 
removed, particularly if the light be very intense. This can well be 
seen when a brilliant point is observed in rapid motion ; instead cf 
& point a streak of light is 4een. Thus falling stars leave a line of 
light after them caused by the persistence of the stimulus, and a 
luminous body rapidly rotated vives the impression of a circle of fire 
and not@of,a moving point. 

When the stimulus is v ery intense, such as is caused by an electric 
light or when we look at a bright object like the globe of a lamp 
steadily for some time, then the effect persists for a very considerable 
time, and even after the eyes are shut we see a distinct image of 
the object. This is called the positive after imaye. If the retina be 
exposed to a bright light until it be fatigued, and then suddenly 
turning we gaze at a white wall, the bright part of the positive 
after image is replaced by a dark figure which is termed the negative 
after image. 

A strong stimulus applied to the retina spreads from the part upon 
which the bright image falls to the parts in ifs immediate neighbour- 
hood, so that the bright object looks larger. This phenomenon is 


et 
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called irradiation. It helps to explain many of the peculiarities of 
Vision. 

The question now arises, how does the retina, or rather its layer 
of rods and cones, convert light into a nerve stimulus? It would 
appear quite out of the question that the 456 to 700 billions of waves 
of light per second could mechanically excite the nerve terminals as 
the waves of sound excite the endings of the auditory nerve. But 
we know that light has a very distinct action on many chemival 
combinations, such as reducing salts of silver and gold, &. We, 
therefore, imagine that the light waves set up, in the outer layer 
of the retina, certain intermvlecular motions or chemical inter- 
changes, the result of which is that the nerve fibres are stimulated 
to activity and transmit an impulse to the brain. In the outer layer 
of the retina the light may be said to produce a change in the retina 
which in some respects may be compared to that which occurs on 
the sensitive photographic plate, when exposed, in a camera. In 
some respects only, however, because there is thin great difference 
that while the chemical change on the sensitive plate persists so as 
to give rise to a photograph, in the eye, on the other hand, it only 
lasts during the brief moment during which we can recognize the 
positive after image. The chemical explosion in mule may be 
compared tu the explosion of gunpowder, in giving rise to force, but 
not in the result to the materials. For in muscle as the chemical 
change which canses the contraction is rapidly repaired, so in the 
retina a new sensitive plate is at ouce produced by the restoration of 
the normal condition of the molecules. 

The idea that the layer of rod» and cénes undergoes some chemical 
change on exposure to light which suffices to induce excitation of the 
optic nerve, has received great support from the observation that a 
colour of a red or purplish hue exists in the outer part pf¢ihe rods 
and that this changes when exposed to the light. But thin so-called 
visual purple cannot have a very inseparable connec tion with vision, 
since it is absent where the retina is mot sensitive, z7.¢., the fovea 
centralis, where there are no rods, and further, frogs with blanched 
eyes seem to xee quite well. 

The peculiar pigmented epithelial cells of the retina have been 
observed to change their shape slightly, and definitely to alter the 
pusition of the pigment granules they contain when exposed to light. 
When we remember how sensitive to light the protoplasm of many 
unicellular infusoria is, we cannot be surprised that the protoplasm 
of the retinal epithelium is affected by it. Moreover in the pigment 
cells of the froy’s skin we are familiar with a change in shape and 
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in the arrangement of their pigment granules in response to different 
light stimuli. We know that in the nervous centres nerve impulses 
are commonly originated by protoplasm under the influences of slight 
changes in temperature or nutrition. It would be hardly too much 
to assume, then, that the retinal epitheliuin has some important share 
in the transformation of light into a nerve stimulus. The arguments 
pointing to the rods and cone. as the essential part of the retina 





Fig. 231.—Epithehal cells of the retina. 1, Seen from the outer surface ; 5, Seen from 
the side as mm a section of the retina, c, shows some rods projecting into the 
pigmented protoplasm. 


apply equally well to the pigmented epithelium, for they are so dove- 
tailed one into the other that they form but one layer. They are 
not known to be connected with the nerve fibres, but even supposing 
they be not in any way connected with the nerves they might still 
be influenced by the light, and by some kind of motion communicate 
the effect to the contignous sensitrve nerve terminals, which are 
elaborately adapted to apprectate subtle differentiations of stimulus. 


CoLouR PERCEPTIONS. 


If a beam of pure white sun-light be allowed to pass through an 
angular piece of glass or prism it is decomposed into a number of 
colours which may be seen by looking through the prism, or may be 
thrown on ascrecn, like that of a camera. These colours, which look 
like a thin slice of a rain-bow. are together called the spectrum. 
The white solar light is thus shown to be a compound of rays of 
several colours which possess different degrees of refrangibility and 
hence are separated on their way through the prism, The violet rays 
are the most bent, and the red the least, so that these fofm the two 
extremes of the visible spectrum. The difference of colour depends 
upon the different lengths of the waves, the Vibrations of violet (667 
billions per sec.) being much more rapid than those of red (456 billions 
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per sec.) Beyond the visible spectrum at the red end there are other 
rays which though they look black to the eve, are capable of transmit- 
ting heat. This thermic power is best developed in these ultra-red rays 
and fades gradually towards the middle of the spectrum. Outside the 
violet are ultra-violet rays, which, though non-exciting to the retina, 
are very active in inducing many chemical changes. Only those ether 
vibrations which have a medium length, can stimulate the retina. 

If two different colours be mixed before reaching the retina, or be 
applied to it in very rapid succession one after the other an impression 
is produced which differs from both the colours when looked at 
sepurately ; thus violet and red give the impression of purple, a 
colour not in the spectrum. If all the colours of the spectrum in the 
same proportion and with the same brightness fall upon the retina, 
the result is white light. This we know from the common ex- 
perience of ordinary white light which is really a mixture of all the 
colours of the spectrum, and we can see it with a “colour top ” painted 
to imitate the colours of the spectrum. When the top is spinning, 
the colours meet the eye in such rapid succession that the stimulus 
of each falls on the retina before that of the others has faded away, 
and thus many colours are practically applied to the retina at the 
same time, and the top looks nearly white. 

It has been found that certain pairs of colours taken from the 
spectrum when mixed in a certain proportion produce white. These 
are complementary to one another. The complementary colours are :— 


Red and peacock- blue Yellow and indigo 
Orange and deep-blue Greenish-yellow and violet. 


If colours which lie nearer to each other in the spectrum thgn these 
complementary colours be mixed, the result is some colour which i is 
to be found in the spectrum between the two mixed. ¢ 

The perception of the vast variety of shades of colour that we can 
distinguish, can only be explained by means of this colour-mixing, 
We assume that there are three primary colours which overlap one 
another in the spectrum so as to produce all the various tints. These 
are red, green, and violet ; the arrangement of which may be thus 
diagrammatically explained (fig. 232). 

We must further assume that there are in the retina three special 
sets of nerve terminals, each of which can only be stimulated by red, 
green, or violet respectively, and the innumerable shades of colour, 
we see, depend upon mixtures of different strengths of these primary 
colours, so as to produce different degrees of stimulation of each set of 


nerve terminals. 
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The view that such special nerve apparatus do exist for red, green, 
and violet is supported by the fact that the most anterior or marginal 
part of the retina is incapable of being stimulated by red objects 
which, therefore, look black when only seen by this part of the retina, 
This inability to see red may extend over the whole retina as is 





Fig. 232.—Diagram of the three Primary Sensations: 1 = red; 2= green; 8 = violet, 
The letters below are the initials of the colours of the spectrum. 
The height of the shaded part gives extent to which the several primary sensa- 
, tions are excited by different kinds of light in the spectrum. 


found in some persons who may be said to be, red-blind. Moreover 
if we investigate our negative after images, after looking for a 
long time at a red object, we find them to be greenish blue. That 
is to say, the nervous mechanism for receiving red impressions is 
fatigued, and consequently those of its complementary colour are 
easily stimulated. 


MENTAL OPERATIONS IN VISION. 


Our visual sensations enable us to perceive the existence, the 
position, and the form of the various objects around us, For the 
perfection of a visual perception much more is necessary than the 
mere perfection of the dioptric media of the eye, and of the retinal 
nerve-mechanisms. Besides the changes produced in the retina by 
the light, by means of which the optic nerve is stimulated, and the 
excitations produced, by the impulses passing along the nerve, in the 
nerve cells of the seeing centre, there must be further a psychical 
action in other cells of the cortex of the brain. This psychical action 
of the brain consists of a series of conclusions drawn from the 
experiences gained by our visual and other sensations, 
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Our ideas of external objects are not in exact accord with the 
image produced on the retina and transmitted to the brain, but are 
the resalt of a kind of argument carried on unconsciously in our 
minds, Thus when no light reaches the retina, we say (without what 
we call thought) that if is dark ; our retina being unstimulated, no 
impulse is communicated, and the sensation of blackness arises in our 
sensorium. When luminous rays are reflected to the retina from 
various object: around us, the physiological impulse starts from the 
eye, but in the brain, by unconscious psychical activity it is referred 
in our minds to the objects around us, so that mentally we project 
into the outer world what really occurs in the eye. So also, from 
habit, we re-invert in our minds the image which is thrown on the 
retina by the lens, upside-down, and so unconscious are we of the 
psychical act that we find it hard to believe that our eyes really see 
every thing inverted, and our minds have to reinstate them in the 
upright position. 

One of the most important means employed to enable us to form 
accurate visual perceptions is the varied motion which the eyeballs 


are capable of performing. 


MOVEMENTS OF THE EYEBALLS. 


The eyeballs may be regarded as spherical bodies, lying in loosely 
fitted sockets of connective tissue padded with fat, in which they can 
move or revolve freely in all directions, in a limited degree. The 
muscles which act directly on the eyeball are six in number. Four 
recti muscles, which pass from the back‘of the orbit and are attached 
to the eyeball, one at each side and one above and below, not far 
trom the cornea, can move thie front of the eye to the right or left, and 
up or down respectively ; and two oblique muscles which yas$ nearly 
horizontally outwarda, and alittle backwards, and are attached to the 
upper and under surface of the eyeball respectively. These muscles 
can slightly rotate the eye on its antero-posterior axis, the upper one 
drawing the upper part of the eyeball inwards and the lower one, as 
its antagonist, drawing the lower part inwards, so as to rotate the 
eyeball in an opposite direction on the same axis. 

The internal and external recti draw the centre of the cornea 
towards or. from the median line respectively, directly opposing one 
another. 

On account of the direction of the superior and inferior recti being 
different from that of the axis of the eyeball, they draw the outer edge 
of the cornea, not its centre, up and down respectively, and at the same 
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time tend to give the eyeball a slight rotation in the same direction 
as the corresponding oblique muscles. The tendency to rotation is 
counteracted by the antago- 


nistic oblique muscle when obl.sup,. 
simple elevation or depression Y obl. sup, 
is performed. 2 : 

Thus pure abduction or ae abl. wi, rap, 
alduction only requires the 


unaided action of the inter- 

nal or external recti, while fete 

direct depression of the eve — xzxf 

requires the combined action 

of the inferior rectus and 

superior oblique, and direct Obl. int: 

elevation requires the superior 

rectus and inferior oblique to 

act together. The various 

oblique movements are ac- 

complished by various com- 

bined co-ordinations of move- c 

ments of the different muscles. 
The diagram shows the 

directions towards which the 


aw” 


rer, rsup. rink 


Fig. 233.—Diagram of the direction of 


different muscles tend to draw the action of the muscles of the eye= 

the centre of the cornea from Dells Shieh te whuen yee vale 

‘ ere lines. The axes of the rotation 

the straight position. caused by the oblique and upper 

From this it is obvious thaf® 7 tid al are angered rd 

: : . dutted lines. The inner and outer 

the commonent movements of rect. rotate tho ball on. its vertical 

the eye require the co-opera- axis, which is cut across. The ab- 

; , ‘ breviated names of the muacles are 
tion of diffgrent muscles, cats he vac: 


In the ordinary movements 
of the two eyes more than this ix necessary. The two eyes must move 
in the same direction at the sume time, now to the right, now to the 
left, so that while the external rectus moves the right eye to the right 
ride, the internal rectus moves the other eye in the same direction. 
We say then that the co-ordination of the movements of the muscles 
of the eyeball is so arranged, that the contractions of the external and 
internal recti of opposite sides always occur in association, and we call 
these “associated movements.” This association of movement has 
been acquired by the habit of voluntarily directing the two eyes at the 
same object, and has gradually become involuntary, for few persons 
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have the power of exerting voluntary control over the muscles of one 
or other eye alone. 


BINOCULAR VISION, 


When we look at an object with both eyes we have a separate 
image thrown upon each retina, and therefore two sets of impulses are 
sent to the sensorium, one from the right and one from the left eye. 
Yet we are only conscious of the occurrence of one stimulation. The 
reason of this is, that experience has taught us that similar images 
thrown upon some certain parts of the two retinew correspond to the 
same object, and in our minds we fuse the sensations caused by the 
two images so that they produce but one idea. 

These points of the retina which are thus habitually stimulated by 
the same objects are called “corresponding points.” 

Besides being of great use in making up for such deficiencies as the 
blind spots (which are not corresponding points) binocular vision is 
useful for the following purposes :— 

To judge of distance. When using one eye only, some knowledge 
of distance may be gathered by the force employed to accommodate, 
but a much more accurate judgment can be made when both eyes 
are used and the muscular sense of the ocular muscles, employed in 
converging the eye-ball» for near objects, can be used as evidence of 
their distance. 

In judying of size, in the same way, with one eye, we can only have 
an idea of the apparent size of an object, which will vary with its 
distance. With a knowledge of the apparent size and of the distance 
such as is gained by binocular vision, we can come to a sa! accurate 
conclusion as to the size of an siject: 

To judge of the relative distance: of objects xo as to see depth in 
the picture before our eyes, binocular vision is necessary. - It one eye 
alone is used we see a flat picture without having an accurate idea of 
the relative distances of the different things we eee. With each eye, 
however, we get a slightly different view of cach object, and thus we 
are helped to conclude as to their exact distances and shapes, so as 
to be able to arrive at fairly correct judgments as to their exact 


form, &c. 


CHAPTER XXXITI. 


HEARING. 


Just as impulses travelling along the optic nerves can only give 
rise, in the sensorium, to impressions of light, so impulses communi- 
cated to the portiv mollis of the seventh pair of cranial nerves van 
only excite impressions of »vund, and any stimulation of that nerve 
gives rise to sound sensations, 

The peripheral end of the special nerve of hearing is distributed to 
au organ of very peculiar construction situated in the internal ear, 
which, from its complexity, has been called the labyrinth, The 
nerve-endiny is spread out between layers of fluid, xo that it must be 
affected by very gentle forms of stimulation ; and when we know its 
delicacy, we can hardly be surprised that even sound vibrations suffice 
to stimulate this terminal to transmit a nerve impulse to the brain. 
But the organs of hearing of mammalia and man are so deeply placed 
in the petrous part of the temporal bone, that a special mechanism 
has to be adopted to convey the round with sufficient intensity from 
the air to the fine nerve-terminals, These beautiful contrivances make 
up a camplex piece of anatomy which will be briefly referred to 
presently. 


SouND. 


Before attempting to describe the complex mechanisms by means 
of which the sound is conveyed to the nerve-endings, some notion 
must be formed of what sound ix from a merely physical standpoint. 
Without the sense of hearing one cannot form any idea of sound, 
and here the knowledge of sound ends with many people, since they 
only think of it as something they can hear. A physicist, however, 
regards sound in a Me different way. He knows that it is caused 
by a kind of motion known ax the vibrationvof elastic bodies, such 
as a tense string, a metal rod, or an elastic membrane. These vibra- 
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tions, being communicated to the air, are conveyed by it to our nerve- 
endings, where they set up a nerve impulse. The impulse is trans- 
mitted along the nerve to the brain, and there gives rise to tlic 
sensation with which we are familiar as sound. 

The vibrations of the air are wave-like movements depending upon 
a series of changes of density in the gases, the particles of which move 
towards or from one another, and transmit the motion to their neigh- 
bours, so as to propagate the sound wave. To demonstrate these 
vibrations a special apparatus must be used. 

When a tuning fork is struck it is thrown into vibration, and a 
sound is givenforth. But the vibrations are often so rapid and so small, 
that the motion of the tuning fork cannot be appreciated by the eye. 
But if a fine point be attached to one prong of the tuning fork—or, 
indeed, any elastic body, such as a bar of metal—and this point 
be brought into contact with a moving smoked surface, such as has 
been already described for similar records, a little wavy line is 
drawn, showing that the vibrating fork moves up and down at 
an even and regular rate. Each up and down stroke indicates a 
vibration. The length of the wave, as drawn on the evenly-moving 
surface of the recorder, shows the amount of time occupied by each 
vibration. This is always found to be the same, for a tuning fork of 
a given pitch, and thus the recording fork is in constant use by the 
physiologist as an exact measure of small intervals of time. The 
pitch of the note, then, depends upon the rate or period of vibration, 
& note or tone of a certain pitch being simply a sound caused by se 
many vibrations per second. The quicker the vibration the higher 
the note, and the slower the deeper, until at the rate of about thirty 
per second, no sound in any longer audible. Whether a note be pro- 
duced by c metal fork, a tense string, or any other vibrating body, if 
the number of vibrations per second be the same, the note mitt have 
the same pitch. 

The elevation vf each vibration as seen in the tracing made by a 
recording fork is different at different times. When the fork is first 
struck, the waves are high and well marked, and the excursions of 
the recording prong can be seen to become less and less extensive as 
the fork gradually ceases to vibrate, and the sound becomes faint ; or 
in other words, as the sound produced becomes Jess loud, the vibra- 
tions are smaller, and the amount of excursion made by the 
vibrating body is commonly spoken of as the amplitude of the ‘vibra- 
tion, and upon it alone depends the lowlness of the sound. Thus 
the pitch of a tone bears no relation to the amplitude of the waves of 
the vibration, but depends upon their rate; while its loudness is 
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quite independent of the period occupied by the vibrations, but is in 
proportion to the extent or amplitude of the waves. 

So far only tones or musical notes have been mentioned. They 
are produced by vibrations occurring at perfectly regular periods. 
The simpler and more regular the vibrations, the purer the tone. 
But the great majority of the sounds we are accustomed to hear are 
not pure tones, but are the result of an association of vibrations bear- 
ing more or less relation one to the other. When the variety of 
vibrations is very great, their intervals irregular and out of propor- 
tion, they give rise to a dixordant sound devoid of musical tone, 
which is commonly called a noise. But so long as such commensura- 
bility exists in the rate of the vibrations as to produce a sound not 
disagreeable to the sense of hearing, it may be called a note, 

By the use of a series of different resonators, each of which is 
capable of magnifying a certain tone, it can be shown that the 
clearest and purest notes of our musical instruments are far from 
being simple tones, but are really compounds of one prominent note 
or fundamental tone, modified by the addition of numerous over-tones 
or harmonies. If one blows forcibly across an orifice leading to a 
space in which a small amount of air is confined, such as the barrel 
of a key or the mouth of a short-necked flask or Dottle, either a clear 
shrill or dull booming sound is heard, which varies in pitch accord- 
ing to the proportions of the air-containing cavity. This dull note 
is a simple tone. It is devoid of character, and in this respect 
dliffers greatly from the notes produced by a musical imstrument. 
The notes of every instrument have certain characters or qualities 
which enable even the most*unpractised ear to distinguish them from 
one angther, 

This peculiar quality, which is independent of the pitch (2.¢., rate 
of vibfatipn) or the intensity (Ae, amplitude of wave), is called the 
colour or timbre of the note. It depends on the number, the variety, 
and the relative intensity of the over-tones or harmonics, which 
accompany the notes, Su that really the timbre or quality of a note, 
aud therefore the special characters of the different musical instru- 
ments, is produced by their impurity, or the complexity of the over- 
tones which aid in producing them. 

All elastic bodies can vibrate, and therefore are more or less 
capable of conducting sounds, Sound vibrations can be transmitted 
from one body to another placed in contact with it. ‘rom a hard 
material the waves are readily communicated to the air, and this 
ix the ordinary medium by means of which sound is transmitted 
aud finally arrives at our organs of hearing. The old experiment of 
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placing a small bell under the vlass of an air-pump and making the 
tongue strike it after the air has been remover, shows that the medium 
of the air is essential for the transmission of the sound-vibrations. 

The transmission of waves of sound from the air to more dense 
materials, such as those which surround our auditory nerve-terminals, 
takes place with much greater difficulty than that from a solid to the 
air, and we find a variety of contrivances by which the gentle waves, 
arriving at the ear by the air, are collected and intensified on their 
way to the labyrinth. 

But the medium of the air is not necessary in order that sound 
may reach the internal ear. Nor is the route through the outer 
canal, and the drum and its membrane, the only one by which the 
vibrations can arrive at the cochlea. The solid bone which surrounds 
the labyrinth is in direct communication with all the bones of the 
head, and the sound can travel along these bones and reach the 
nerve-endinys. This can easily be proved by placing the handle of 
a vibrating tuning fork against the forehead, or better still, against 
the incisor teeth, The sound, although previously hardly audible, 
at once becomes quite distinct, or even appears loud. 

This direct conduction through the bones of the head is, under 
normal conditions, of little use to man; but attempts have been 
made, in cases where the ordinary auditory passages were rendered 
inefficient by disease, to gather the vibrations on a vibrating plate 
or tympanum, and apply this to the teeth. This direct conduction 
of sound is, however, very valuable in determining the seat of the 
disease in cases of deafness. So long aya clear sensation of sound 
reaches the brain through the hones of the head, one knows that the 
important nerve-endings and their central connections are¢ unim- 
paired, and can then conclude that the disease lies in the mechanical 
conducting parts of the hearing organ. . 

In fishes, where the labyrinth is the only part of the auditory 
apparatus which exists, it is embedded in the cranium, and the sound 
waves arrive through the medium of water, and are directly con- 
veyed to the nerve-endinys by the bones of the head. An air-contain- 
ing tympanum would be a great impediment to the hearing of these 


animals. 


ConpcuctTiéOx or SOUND-VIBRATIONS THROUGH THE OUTER Ear. 


The parte of the ear through which the sound commonly passes 
before it reaches the nerve, are naturally separated into three, viz.: 
(1) the external car and the auditory canal; (2) the middle ear, 
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tympanum or drum, which is shut off from the latter by the tym- 
panic membrane ; and (3) the fluid of the labyrinth. 

In man, the ear muscles are so poorly developed that he can 
hardly move the external ear or pinna perceptibly, and the part com- 
monly called the ear is of little use. We know this, because the 
outer ear may be quite removed without materially affecting the 
power of hearing. Birds hear well without any outer ear, and the 
sound reflected from the pinna may be excluded by placing a little 
tube in the auditory canal without reducing the intensity of the 
sound. But the moveable ears of many animals are, no doubt, 
useful in helping them to ascertain the direction from which a sound 
arrives, by catching more of the vibrations coming to their orifice. 
That the external ear may be of sume use, even to man, one is led 
to believe, by the natural readiness with which a person with dull 
hearing supplements it by means of his hand. But in this act the 
ear is commonly pushed away from the head to an angle of about 
forty-five degrees, and thus its projection is considerably increased. 

The auditory canal ix a crooked and irregular passage, getting 
rather wider as it approaches the tympanic cavity. It is usually the 
seat of some short, stiff hairs, which help to prevent the entrance of 
foreign matters. It is supplied with a peculiar modification of sweat 
vlands, which secrete a waxy material that helps to keep the walls 
of the canal and the outside of the membrane moist and soft. Upon 
the more ordinary sound-vibrations, however, the auditory canal has 
little or no effect. The elastic column of air in any circumscribed 
space resounds more readily to some one certain tone, which varies 
according to the capacity of the space ; thus are formed resonators 
of different pitch. Just as different tubes or key barrels have differ- 
ent notes when blown into, so the auditory canal has a note of its 
own, an® if the canal be short, the note is one of a very high 
pitch. When atone of the same pitch as that to which the canal 
is tuned strikes the ear, it is unpleasantly magnified, and it is said 
that such sounds are those which we commonly call shrill and 
disagreeable. 

The end of the auditory canal is closed by the membrana tym- 
pani, which slopes obliquely from above downwards and inweyds, 
by which means its size is greater than if it were directly across the 
canal, This membrane is not flat, but the central point is drawn 
in by the handle of the malleus, which is firmly attached to it 
along its entire length. The membrane is thus held in the shape of 
a very blunt cone, somewhat like a Japanese umbrella, the apex of 
which points inwards towards the cayity of the drum. The peculiar 
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form of the membrane of the drum is of great importance for distinct 
hearing. 

As every confined volume of air has a certain tone of its own to 
which it resonates more readily than to others, so a membrane of a 
given size and tension has a certain self-tone, the vibration periods of 
which it follows with great ease. This tone varies with the tension, 
as may be seen in a common dium, the note of which can be chanved 
with the tension of its parchment—the tenser the membrane, the 
higher the pitch. If the membrane of the drum of our ears were 





Fig. 234.—-Diagram of the tympanum, showing the i1clution of the onsicles to the 
tympanic membrane and the internal ear. The tympanum is cut through 
nearly transversely, and the cavity viewed from the front (left car). (Schafer.) 


m.f, Membrane of the drum to which the handle of the malleus is attached at «. 
m, head of malleus, which 1s held in pusition by its suspensory ligament s.i.m., 
and external ligament l.¢ m; :., long process of incus connecting malleus and «i, 
stapes, the base of which closcs oval opemng of the vostibule. ¢.au.m, ex- 
ternal auditory meatus. 1.a m, internal auditory meutus, where the two parts 


of the auditory nerve enter, a and b. 


thus set to éne tone, our hearing would be most imperfect and 
unpleasant, for we should be wearied by the reiteration and per- 
sistence of the note to Which the tympanic membrane was tuned. 
But this does not occur; the tympanic membrane has no self-tone, 
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and no succession of vibrations follows the first effect of the sound 
waves, 

The existence of any special note of its own is prevented by its 
conical shape, which is partly due to the traction of the handle 
of the malleus. Ifa stretched membrane, such as that of a drum, be 
drawn out at its centre so that it is no longer a flat surface, then its 
tension is different at the centre and the periphery, being, of course, 
greatest at the point at which it is drawn upon, and gradually 
decreasing towards the margin. Since the existence of a tone of a 
definite pitch depends upon a certain degree of tightness of the 
membrane, if no two parts of the membrane have exactly the same 
degree of tightness, then of course no one tone can be more conspicuous 
than another. This is the case with the tympanic membrane. 

The independent vibrations of the membrane are further prevented 
by the tympanic ossicles. These little bones do not really vibrate, 
but move back and forwards in time to the sound-vibrations. If a 
hody, not capable of vibrating with the membrane of a common 
drum, be attached to it, the drum would not sound. A touch of 
the finger of the musician to the membrane suttices to check the 
sound produced by adrum. The handle of the malleus, which is 
joined to the other bones, being fixed to the membrane, acts in this 
way ax a damper, and checks the continuance of any special vibration 
in the membrane of the drum. 

The small muscle attached tu the malleus so as to draw it towards 
the cavity of the drum i» called the tensor tympani. 


CoND&ECTION OF SOUND-VIBRATIONS THROUGH THE TYMPANUM. 


The Mojjons occurring in the membrane of the drum are conveyed 
across the tympanic cavity by means of the three small bones known 
as the malleus, the incus, and the stapes. Together, these ossicles 
form an angular or two-armed lever, one end of which (the handle of 
the malleus) is attached to the centre of the tympanic membrane, and 
the other (the long limb of the incus) which is the shorter arm of the 
lever, pushes the stapes against the little secondary tympanic mem- 
brane, which fits the oval opening leading into the vestibule, The 
stirrup bone acts as a kind of adaptable extremity to this inner arm of 
the lever, being adherent to the membrane of the vestibule and jointed 
tu the long arm of the incus. This little angular lever works round 
an axis which passes from before backwards Phrough the head of the 
malleus, and lies above the membrane of the drum. The two points 
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which act as the bearings or pivots of the motion being the slender 
process of the malleus in front, and the short limb of the incus 
behind. 

When the tympanic membrane vibrates in response to the sound 
waves of the air, it moves in and out, and the handle of the hammer 
bone must move in and out with it. The body of the incus, being 
fixed by a firm joint to the head of the malleus, must follow these 
movements, and thus they cause the little oval foot-piece of the 
stirrup to press in orto draw out the membrane which separates the 
tympanum from the vestibule. Thus the vibrations of the air com- 
municated to the tympanic membrane are conveyed across the cavity 
of the drum to the liquid in the labyrinth. 

A small muscle—the stapedius—is attached to the stapes near its 
junction with the incus, and pulls upon it in such a direction that 
the bone is drawn out of the line of motion. This action, possibly, 
has the effect of reducing the effect of the more ample vibrations of 
the tympanic membrane, which night have too great an effect upon 
the liquid in the labyrinth. 

The tympanum is connected with the pharynx by means of the 
Eustachian tube which, though habitually closed, is opened for a 
moment by swallowing and other motions of the pharynx. On these 
oceasions air can pass in or out of the tympanum easily, so that the 
pressure on the two sides of the membrane of the drum is equalised. 
When there is too much or too little air in the tympanic cavity, the 
tympanic movements are impeded, This difficulty is felt when one 
has a bad cold; the tube is occluded by the inflammatory swelling 
of the mucous membrane. Or when one performs what is known 
as Valsalva’s experiment, 2.¢., to hold the nose and yiolentlyepuff air 
into it ; when the tubes are blown open, too much air is often retained 
in the tympanum, so that the pressure from within ix I¢gher than 
that from without, and hearing becomes dull. If, now, the act of 
swallowing be performed, the feeling of tension leaves the ears and 
hearing becomes as acute ax before. 

The Eustachian tube also acts as a way of escape for any fluid 
that may be secreted by the epithelial lining of the tympanic cavity. 
This fluid is so minute, that the periodic opening of the tube suffices, 
under ordinary circumstances, fur its complete escape. When in- 
creased byedisease, however, it may collect in the tympanum and 
require catheterisation. 

If the tube were permanently open, we should suffer from two 
great disadvantages. In the first place, at every breath, even during 
ordinary respiration, some little change in tension of the air con- 
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tained in the cavity of the drum would occur and impair the hearing ; 
and secondly, the vibrations of the air in the pharynx, produced 


tt 





Fig. 235.—Diagram of the nembranous labyrinth. a, b, ¢, semicircular canals opening 
into the ventricle ¢; ¢, the saccule from which the uniting canal leads into the 
membranous canal of the cochlea, y. (Cleland.) 


by the voice, would enter the drum directly, and give rise to an exag- 
gerated shouting noice. 


CONDUCTION THROUGH THE LABYRINTH. 


Every motion of the oval base of the little stirrup bone causes a 
wave to pass along the liquid in the labyrinth. The bony caxe of 
the internal ear being firm, and its contained liquid—like most 
liquids, quite incompressille—the wave travels through all the parts 
of the internal car. Through the cochlea it can arrive at the vielding 
membrane covering in the round opening, which separates the cavities 
of the sympanum and the cochlea. To pass from the oval vestibular 
opening which is closed by the stapes, to the inner tympanic mem- 
brane wlach closes the scala tympani of the cochlea, the waves 
have a very complex route. From the liquid lying around the 
membranous labyrinth—the perilymph—the waves pass up the fluid 
in the vestibular spiral of the cochlea, and arriving at its summit, 
they descend by the tympanic spiral to the round opening. In this 
course they pass at first over and then under the fluid contained in 
the membranous canal of the cochlea—endolymph—in which the 
special nerve terminations of the cochlea are placed. 

For the construction of the labyrinth the student is referred to the 
text-books of anatomy, as space only admits of a brief account of the 
special arrangements of the nerve-ending being given. 

The nervous mechanisms which are most important for the appre- 
ciation of tones are those situated in the cochlea. 
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The endings of the nerves which are found in the membranous 
sace in the vestibule are connected with peculiar epitheloid cells, to 
which are attached fine bristle-like processes. These processes lie in 
the endolymph, and are related to calcareous masses called otoltths. 
Waves in this endolymph possibly bring the otoliths into collision 
with the hairs, and thus give a stimulus to the nerve-endings. Thus 
Noises may be heard, but no fine impressions of tunes can be ex- 
plained. The exact use of the nerves going to the other parts uf the 
labyrinth—namely, the ampulle of the semicircular canale—is some- 
what doubtful, and possibly not immediately connected with hear- 
ing.* The coils of the snail-shell-like cochlea are throughout their 
entire length, even in the dried state, partially divided into two by a 
kind of shelf projecting from its ventral axis into the spiral cavity. 
This is called the osseous spiral keminu. In the tresh state the sepa- 
ration of the spiral canal into an upper (vestibular) aud a lower 
(tympanic) coil is completed by a membranous partition, which 
stretches from the bony spiral lamina to the opposed side of the 
spiral canal. This is called the membranous synral lamina, and 
forms the base upon which the special nerve-endings of the organ of 
hearing are spread out. An eatremely delicate membrane called the 
membrane of Iicissuer stretches from the upper side of the spiral 
partition obliquely upwards to the outer wall of the spiral cavity, 
so as to cover the special organ, end shut off that part of the 
vestibular coil which lies over the membranous spiral lamina. 
This canal of the cochlea is triangular in section, and is separate 
from the rest of the spiral cavity. Its fluor is made up chiefly of the 
membranous spiral lamina, particularly the part called the basilar 
membrane, while the oblique roof is composed of only the thig mem- 
brane of Reissner. This space follows the turns of the cochlea, lying 
between the vestibular coil and that leading to the tympanuin, and 
it is filed with a fluid (endolymph) which i» quite separate and 
distinct from that in the vestibular or tympanic coils of the cochlea 
(perily mph’. 

The cochlear division of the auditory nerve passes into little tunnels 
in the central bony column around which the coils of the cochlea 
turn, and it gives off a spiral ecries of branches which run through the 
osegous spiral lamina to reach the membranous portion. A collection 
of yanglion,pells connected with the radiating nerve-tibres is found 
lying in a spiral canal in the osseous lamina. Pussing through the 
bony spiral the nerves yeach the basilar membrane, which, as before 


* Compare oquilibration, in connection with which they will be described, p. 537, 
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Fig, 236.—Transverse section through the membranous canal of the cochlea. (Cadiat.) 
a, Striated zone of basilar membrane; b, Pectinate zone of the baglar membrane ; 
c, Perforated zone of basilar membrane through which the nerves pass; d, Nerve 
fibres from spiral ganglion ; e, Spiral ganglion ; /, Lumbus; g, Reissner's mem- 
brane; 4, Tectorial membrane; 1, Internal rod, of Corti; =, External rod of 
Corti; 0, », p, Special cells receiving nerve terminals; g, Epithelial cells covering 
the basilar membrane ; s, Nerve fibres ; t, Spiral ligament. 
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mentioned, forms a great part of the membranous spiral lamina, and 
upon which the organ of Corti is placed. 

The organ of Corti, placed within the membranous canal of the 
cochlea, is made up of a series of peculiarly curved bars or fibres, 
called the rods of Corti, and some remarkable cells provided with 
short, bristle-like processes, The rods of Corti are fixed by their 
broad bases upon the basilar membrane, and unite above in such a 
way that the outer and inner rods together form a bow or arch. The 
spiral series of rods thus propped up against each other leave a small 
space or tunnel unde: them, which runs the entire Jength of the 
basilar membrane. Beside these rods of Corti are placed rows of 
cells of an epithelial type into which the nerve-endings pass. From 
the upper surface of these cells, on a level with the apex or junc- 
tion of the rods, a number of hair-like proce-ses project. A delicate 
reticulated membrane lies over the rods and the cells, and seems to 
be lightly attached to their surface, while the hairs pass through its 
meshes. 

The basilar membrane is made up of fibrous bands held tugether 
by a delicate membrane. The fibres pas. transversely across the 
spiral canal of the cochlea, so as to subtend the bases of the outer and 
inner rods. The basilar membrane gradually becomes wider as it 
passes from the base to the summit of the cochlea. The length of the 
rods also increases towards the summit of the organ, their bases being 
more widely separated from one another aud their point of junction 
nearer to the basilar membrane, so as to form a lower and wider 
tunnel. The entire number of rods of Corti has been estimated at 3,000. 


STIMULATION OF THE ACDITORY NERVE, 


The stimulation of the nerve of hearing by sound-vibrations of the 
air is less difficult to understand thun the eacitation of~the optic 
nerve by light-waves which are conveyed by an imponderable 
medium. The motions of the membrane of the drum, being con- 
veyed in the manner already indicated to the liquids within the 
internal ear, pass first over and then under the cells connected with 
the nerve terminals, which are placed on the elustic basilar membrane. 
The transverse fibres are set in motion by the waves in the fluid, and 
as they vibrate they communicate the motiun to the rods of Corti. 
The bases of. the inner rods, being fixed at the inner margin of the 
basilar membrane, can move but little, and the bases of the outer rods 
being placed near the middle of the fibres of the membrane, where 
the motion of the vibrations is most extensive, a slight change in 
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their relative positions, and a consequent movement of the apex of 
the bow, must take place. This movement at the apex of the 
bow, where the rods join, is communicated by the medium of the 
reticular membrane to the hairs in the special auditory cells, thence 
to the nerves, where an excitation is produced which gives rise to 
the transmission of an impulse to the brain. 

But we can distinguish differences of (1) loudness, of (2) pitch, and 
of (3) quality in sounds. 

Since the loudness depends simply on the amplitude of the vibra- 
tion, we can have no difficulty in understandiag how varieties in it 
can be appreciated, since the more ample the vibration the more 
marked the motion, and, therefore, the more intense the stimulation 
of the nerve terminals. What we call the loudness of a sound, then, 
simply means greater or less intensity of stimulation of the nerve. 

The comprehension of the perception of differences of pitch pre- 
sents greater difficulty. As already mentioned, this depends on the 
rate or period of vibrations. We know that most bodies capable of 
producing sound vibrations have a proper tone, #.¢., that which they 
produce when struck. When the proper tone of a body capable 
of vibrating is sounded in its immediate neighbourhood, this is 
also set vibrating through the medium of the air. If a clear 
tone be sung loudly over the strings of a piano a kind of sym- 
pathetic echo will be heard to come from the chords, on account of 
the strings corresponding to the notes sounded being thrown into 
sympathetic vibrations. Now, in the basilar membrane we have 
practically a series of strings of different length—since the mem- 
brane gets wider as it passes from below upwards to the summit of 
the cochlea—and therefore a great variety of proper tones. With 
a higR note, then, a fibre of one part of the membrane will 
readiky fall into vibration, and with a low note a fibre of another 
part. D¥ferent nerve fibrils are in relation to these different parts, 
and thus we may conclude that tones of different pitches stimulate 
distinct nerve-terminals, and are conveyed to the brain by separate 
nerve-channels. Impulses arriving at certain brain-cells then give 
rise to the idea of high tones, and impulses coming to others cause 
the impression of low tones. There are about a sufficient number 
of fibres in the basilar membrane for all the notes we can hear, viz., 
from about 30 to 4,000 waves in the second. 

The rods of Corti cannot be the vibrating agents, beoause they are 
too few in number, and they are absent in birds, which appreciate 
and reproduce various notes. Further, the. rods are not elastic, and 
therefore not well suited to vibrate, It may therefore be concluded 
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that they only act as levers which convey the vibrations of the fibres 
of the basilar membrane to the nerve-endings in the auditory cells. 

The explanation of our wonderful appreciation of the delicate 
shades of quality of tones is more difficult. Even persons with indif- 
ferently good ears, as musicians say, and no special musical education, 
can at once distinguish between the quality of the same note when 
sounded on a violin, a piano, and a flute. In examining the resound 
from a piano when a note is sung against its strings it becomes 
obvious that with ever so pure a tone a great number of strings are 
set vibrating. It will be found that not only the string which 
sounds the note vibrates, but also all those strinvs that have a certain 
simple numerical relation to its number of vibrations. In fact, all 
its over-tones or harmonics are also sounded. Now, in the cochlea 
we suppose the same takes place with the fibres of the basilar mem- 
brane. Not only does the one filre whose proper tone is sounded 
vibrate in response, but also all those fibres which represent the 
many and varied over-tones or harmonics of the fundamental tune 
that reach the ear. It has already been pointed out that quality of 
a note depends on the relative number, force, and arrangement of 
the harmonics which invariably accompany any musical note pos- 
sessing a definite character. 

When such a note, then, arrives at the auditory nerve-terminals, 
one of these is strongly stimulated by the wave of the fundamental 
tone, and many others are stimulated by the different over-tones. 
Thus, a complexity of impulses, corresponding to a mixture of tones 
of varying intricacy, ix transmitted to the brain-cells, where it gives 
rise to the impression of the quality whicn we by experience associate 
with that of a violin, flute, or piana, as the case may be. 

With regard to the judgment of the distance of sounds, it need 
only be remarked that they chiefly depend on former experiefice of 
the habitual quality and intensity of the sounds, A faint sound 
with the same quality that we familiarly attribute to loud sounds 
seems tous to be far away. Thus, sounds reaching our labyrinths 
by the cranial bones appear distant, and ventriloquists deceive us by 
imitating the character of distant sounds. 

In man the direction from which sounds come is chiefly judged by 
the difference of distinctness with which they are heard hy one or other 
ear. When we cannot form any idea of whence a sound comes we 
nsually turn ‘our heads one way or the other in order to present one 
ear more directly to the origin of the sound. When a sound is either 
directly behind or before ‘us we cannot judge which position it really 
comes from, unless the head he slightly turned to oneside orto the other. 


CHAPTER XXXIV. 


CENTRAL NERVOUS ORGANS. 


THE more important properties of the peripheral nerves and their 
terminals have been cliscussed in the previous pages. The central 
part of the nervous system, which remains to be considered, con- 
sists of the spinal marrow and the brain. These parts are composed 
of a soft texture, the elements of which are held together by a pecu- 


liar and very delicate form of connec- 
tive tissue, known as Neuroglia. 
With the naked eye the central 
nervous oreans can be seen to be 
made up of two distinct kinds of 
substance: (1) a white substance, 
which is found by the microscope 
to be composed of nerve fibres, with 
a medullary sheath, and (2) a grev 
substance, consisting of a dense 
feltwork of naked axis cylinders, 
with mumerous ganglion cells in- 
terspersed "between them in various 
quantities and relationships. 

In the brain the grey substance 
is distributed chiefly on the sur- 
face, forming a kind of grey cortex, 
which follows all the irregularities 
of the convolutions. In the spinal 
cord the grey matter is situated 
inside, and the white outside. The 





Fig. 237.— Transverse section of 
nerve fibres, showing the axis 
cylinders cut across, and look- 
ing like dots surrounded by a 
clear zone, which is the me- 
dullary sheath. Fine connective 
tissue separates the fibres into 
bundles. 


grey substance of the cord forms separate columns on either side, 
which run its entire length ; but is thicker ir? the cervical and lumbat 
regions, These grey columns, together with their connection with 
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the roots of the spinal nerves, divide the white substance of the 
cord into separate columns. 





Fig. 238.—Multipolar cells from the anterior ,grey column of the spinal cord of 
the dog-fish (a) lying in a texture of fibrils; (>) prolongation from cells; 
{c) nerve-fibres cut across. (Cadiat.) 

As already pointed out, the nerve fibres are simply conducting 
channels for the transmission of nerve impulses from one cell or 
terminal to another. 

The nerve or ganglion cells are remarkable for their large size, their 
large clear nucleus, distinct nucleolu:, and fibrillated protoplasm. 
They have, at least, one—more commonly several—processes connected 
with them, and are commonly called uni-, bi-, or multi-polar cells. 
Often one of these processes is more distinct and more definite than the 
others, and does not sub-divide into branches like them, “It appcare 
to be connected directly with the axis cylinder of a medullated 
nerve fibre. 

The nerve-cells can conduct the nerve impulses which reach them 
by any of their attached poles, and they can transmit these impulses 
on to other cells by means of their protoplasmic strands of intercom- 
munication. They thus frequently seem to direct an impulse coming 
ly a sensory or afferent nerve from the surface back again by an 
efferent nervz to some texture or organ in the neighbourhood, Thus, 
the slightest stimulation of the conjunctiva causes immediate and 
involuntary winking of the eyelid, This kind of transmission of an 
impulse in a direction differing from that by which it arrived at the 
nerve-cell is called reflexion, and motions such as that just alluded to 
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are called reflex acts. Collections of cells, whose duty seems to be 
habitually to receive impulses from the periphery and to change their 
direction, are called reflex centres. 

Some groups of nerve-cells send forth impulses, either constantly 
or periodically, without receiving any nerve impulse from the surface, 
Such centres are called automatic 
since they appear to act independently 
of influences from without. The only 
source of enerzy these cells have is the 
warmth and nutrient material carried 
to them by the blood flowing in their 
immediate neighbourhood. The vaso- 
motor centres are good examples of au- 
tomatic centres, in which the constant 
or tonic character of action predomi- Fig. 259. 
nates. The respiratory centre is one — g. gensory receiving organ 


from which automatic impulses are with attached afferent 
nerve fibre. 


rhythmically discharged by a special @ Central organs lion 
regulating apparatus. cells. 

Besides having the power of conduct- | M- Perpheral organ and effe- 
‘ . a ee rent nerve. 
ing, reflecting, and originating impulses, 
we must attribute to the activity of the nerve-cell» of the brain the 
various mental phenomena, such as feeling, thought, volition, memory, 
&c., which furm of activity may be excited either by impulses arriving 
from without, or from the spontaneous (automatic) action of the cells 


of the cerebral cortex. 





THE Serva Corn. 


Being éhe great bond of connection between the brain and the 
majority of the peripheral nerves, the spinal cord is obviously a 
conducting apparatus of the very first importance, and from the 
quantity of nerve-cells lying in its grey matter, it must also enjoy 
the function of a governing orgun or nerve centre. 

These two great duties of the spinal marrow had better be con- 


sidered separately :— 


J.—SpinaL Corp as a Conpucror, * 

From the anatomical investigation it may be seen that there must 
be some special method of conducting impulses along the spinal 
marrow, and that it is not merely a collection of the nerves or an 
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aggregation of the fibres that spring from it. In the first place, 
these nerves, if all bundled together, would be much larger than the 
cord, even at its thickest part.; and, further, it does not taper evenly 
towards its lower extremity, as it should were each succeeding pair 
of roots a direct loss to its thickness. 

The posterior roots of the spinal nerves pass through the white sub- 
stance to reach the posterior grey column, where they break up into 
numerous fine twigs, which are distributed to neighbouring parts 
of the grey network of fibrils, in which they are lost without their 
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Fig. 240.—Diagram illustrating the coume probably taken by the tibres Of the nerve- 
roote on entering the spinal cord. (Schiafer.) 

a.m.f., Anterior median fissure; p.m.f., Posterior median fissure; c.c., Central 

canal; s.r., Substantia gelatinosa of Rolando; «.a., Funiculi of anterior root of 

a nerve; p., Funiculus of posterior root of anerve. By following the fibres 

J, 2, 3, &c., their course through the grey matter of the spinal cord may be traced. 


union with the cells being obvious or immediate. The fibres of 
anterior roots traverse the superficial white part of the cord on 
their way to each the anterior grey colunins, into the cells of which 
they can be directly traced. The numerous processes from these 
cells then pses into the fibrillar network which lies between the 
cells and makes up the great of the grey substance. By means 
of two sets of fibres (one lying in the lateral white column on the 
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same side, and another, which crosses at once to the other side of the 
cord) these cells are kept in communication with the parts of the cord 
above. The medullated nerve-fibres of the cord then are not directly 
continuous with those of the roots of the spinal nerves, but seem 
only to have the function of connecting the different regions or dis- 
tricts of the cord with one another, and with the brain, and they thus 
establish a near relation between the cells in the lumbar, dorsal and 
cervical regions cf the spinal cord, with the medulla oblongata, &c. 

Histology thus leads us to expect that the essential parts of the 
cord are—(1) innumerable fibrils in the grey matter, and (2) series 
of groups of cells all intimately connected with one another, with 
the cells in the masses of grey matter at the base of the brain (cere- 
bellum), and with the fibres in the anterior and posterior spinal roots, 
by which they are related to sporadic ganglia and the various tissues 
and organs. The white fibres of the cord are then, probably, only 
usel for the more rapid conveyance of impulses from one group of 
cells to some others lying in a distant region of the cord itself, while 
the main conducting work is accomplished by the fibrils of the grey 
matter. 

Experiments have taught us the following facts :—1. Section of the 
cord causes loss of both sensation and motion in the part behind— 
speaking of « lower animal—the point of section (Galen). 2. Section 
of one side of the cord is followed by loss of sensation on the same 
side with increased sensitiveness and loss of inotion (recovering 
slowly) on the side opposite to the injury. 3. Division of the 
cord in the median line gives rise to impairment of feeling in 
a badly-defined part of fhe surface, but no loxs of motion, 4. 
Section of the posterior white columns gives rise to the loss of 
perception of tactile, temperature, and muscle sense, but the sensa- 
tion 8f pajn can still be felt. A partial section of these columns is 
followed by a local loss of touch in a part of the skin of corresponding 
extent. This lesion is complete, as if the impulses were transmitted 
directly by definite fibres in the cord from each region of the skin. 
5. Section of the antero-lateral white columns causes loss of 
voluntary power in 2 corresponding part of the same side of the body. 
If the grey matter be perfect, the power of motion is soon restored, 
showing that the grey matter can take on a function habitually 
performed by the medullated fibres. The respiratory and vaso- 
motor impulses appear to be conveyed in the lateral white columns. 
6. If the grey matter and the posterior white columns be quite 
cut across, the impulses yiving rise in the brain to common sensa- 
tion (pain), as well as tactile impulses, are no longer carried to the 
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centres, which shows that the impulses causing common sensation 
travel exclusively in the grey substance. 7. Section of one side of 
the grey matter has, however, little effect. The passage of painful 
impressions is not quite lost, even if both sides be cut at different 
regions of the cord. The dulness of feeling is moreover general below 
the injury ; no one spot of skin being quite anwsthetic. A kind of 
delay in transmissien occurring from the “blocks,” as if constant 
decussation of the fibrils exists, but no direct or special channels of 
communication. If the posterior white column be left intact, the 
skin may transmit tactile impulses, but not painful ones. This 
remarkable condition, called “analgesia,” sometimes occurs in the 
human being when partially under the influence of chloroform. 


THe Spinau Corp As A COLLECTION OF NERVE CENTRES. 


The various groups of cells in the spinal cord are in more or less 
direct union with the roots of the nerves, and the conducting fibrils 
of the cord itself, so that they participate in the transmission of the 
impulses to and from the centres situated in the brain. In the trans- 
mission of these impulses the cells seem to have a certain directing 
and controlling influence which deserves special attention, as it gives 
us the key to the mure complex mechanisms of the higher centres. 
Although the various powers exerted by the cells of the spinal cord 
are 80 intimately associated together as to be jractically inseparable, it 
is found convenient to consider their functions under distinct heud- 
ings. The following division of their duties will be found useful in 
working out their general function, viz.: ¢ 

1. Their influence on afferent impulses. 

2. Their influence over efferent impulses. 

3. Their automatic or independent power of originating impulses. 

When an impulse—the result of some slight stimulus, such as the 
prick of a pin—arrives at the cells of the spinal cord, it is at once 
communicated to the other cells in the immediate neighbourhood, 
and reaching some cells connected with motor nerves it gives rise to 
a movement of the muscles of the neighbourhood from which the 
impulse first started. At the same time impulses travel to the brain, 
and there give rise to a consciousness of the various events taking 
place, 1.¢., a local stimulation and a local movement. The action of the 
cells of the cord takes place without the aid of the will, and generally 
occurs before one is conscious of it ; it is therefore called an involun- 
tary act, and on account of being a throwing back of the impulse, 
these kind of movements are called reflex acts. 
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Reflex action forms one of the commonest duties of the cells of 
the spinal cord. Even the gentlest stimulation commonly gives rise 





Fig. - —Diagram illustrating the course taken by the fibres in the spinal cord. 
(After Fick.) 


A, B, and c¢ represent obhque views of three transverse sections of the cord, the 
tissue between which 3x suppored to be transparent. The outline of the grey 
substance is marked with a linc, which encloses the ganglion cells. At the 
lowest section («), sensory nerve fibres («) enter by the postenor rvot, and after 
connection with ganglion cells of the grey matter, communicate with the pos- 
terior white column, through which some passes directly to the brain, as shown by 
the direction of the arrow-head puinting to (6). This is the route which offers 
least resistance to an impulse travelling tu the brain through the cord. Hence 
it is that traversed by weak peripheral (tactile) stimuli. 

By the same posterior root arrive impulses at the cord which may traverse the 
finer, more irregular and resistant fibrils of the grey matter—shown by the fine 
lines. Through these channels painful sensations are carried. © 

From many parts of the grey matter of the cord ganglion cells may dispatch im- 
pulses by the motor root (¢). Hence many reflex actions are arranged, When 
aun impulse comes directly from the brain (voluntary centres) it adopts the direct 
route (c), which pasaes through the white substance of the anterior columns, 
before it excites the motor ganglion cells of the cord to co-ordinated activity, 
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to a complex movement, the execution of which requires many muscles 
to act together with, as it were, a common object. Thus, the sudden 
prick of a pin in the finger will cause a person to withdraw the hand 
quickly from the irritating object. if a greater or more pro- 
longed stimulus be applied, much more extensive movements occur, 
and these are in the same way accomplished by the well-arranged 
co-operation of many muscles, acting together in such a way that a 
definite and familiar action is performed. For example, if the 
burniny head of a match athere under the thumb-nail, more than 
a mere withdrawal of the hand takes place. The entire arm is 
violently shaken with the obvious purpose of shaking off the offending 
stimulus before the will has time to come into operation. Here, 
then, we have a complex form of co-ordination of purposeful muscular 
movement, as the immediate result of an impulse coming from the 
skin, and this co-ordination is the result of mutual relationships exist- 
ing between the cells of the cord employed in transmitting both 
sensory and motor impulses. Not only is the movement a regular 
and co-ordinated act, but in many casex, as has just been mentioned, 
it is performed with a definite purpose, as if it were the result of 
thought, but smee there need be no consciousness it cannot be mental. 
All these pointe may be easily studied on a frog, killed about an 
hour befurekand by decapitation. If a frayment of blotting paper, 
moistened in weak acid, be placed on the skin of the body of such an 
animal, in a position not easily reached by the foot, a most complex 
series of movements follows first with one leg then the other, or with 
both. The myuscular action is both elaborately co-ordinated and pur- 
poseful ; indeed, the movements of the’healless animal might be 
called ingenious, and usually result in the removal of the offgnding 
r. 

if the degree of the stimulation be carefully regulated. gt will be 
found that the results obtained by peripheral stimulation depend on 
(a) the atrength of the stimulus, and the lenyth of time for which it 
is applied; (6) the degree of excitability of the cells of the cord ; 
(c) the readiness with which the impulses pass along the thin con- 
ducting channels to the grey mutter, and (¢) the functional activity of 
the muscles which act as the indicators of the reflex effects. 

By vradusting the strength of the solution of acid with which a 
square millimetre of blotting paper is saturated before it is placed on 
a frog’s fout, the following results are obtained : When very weak acid 
is employed only slight local and uni-lateral movement is caused- 
If steeped in stronger acid, the same sized paper produees a series of . 
reflex movements, spreading to reveral muscles on both sides of thi 
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body. If the stimulus be further strengthened, the movements be- 
come violent and more extended until the whole body is tossed about 
by co-ordinated motions. The movements seem to spread from the 
local nerve cells to their neighbours, and then to reach those governing 
the corresponding muscles of the other side, in which, however, they 
are always less marked than in those of the side stimulated, This 
spreading of movement from one set of muscles to another, as the 
strength of the stimulus is increased, of course, must be preceded by 
a spreading of the impulse from one group of yerve-cells in the cord 
to another by a kind of radiation from the focus of excitation. 

Very slight stimulation, though not sufficient to produce immediate 
response, may, after a time, vive rise to definite reflex action, as if the 
weak impulses arriving at the nerve-cells in the cord were stored up 
until their sum suftived to produce a definite reflex movement. This 
may also—indeed, much better—he seen in animals whose nerve 
centres are intact, fur the cells of more remote parts exercise a kind of 
checking influence on those in the region receiving the stimulus, and 
thus the accumulative action (summation) comes more commonly 
and more effectively into play. This is seen in the human subject 
where slight visceral stimulations exist fur a long time. In some of 
these cases, even without any really sensory appreciation of any local 
excitation, an amount of energy may be accumulated along the grey 
tract of the cord from the prolonged income of impulses, that will 
bring on the most extensive forms of reflex muscular movement, and 
give rise to scrious results. These movements are generally different 
from the regular co-ordinated motion resulting at once from an 
adequate skin stimulation, and have usually a tendency to assume a 
convulgive forin. As an example of this may be named the con- 
vulsions that commonly occur in young children, from the prolonged 
irritation ef intestinal worms, or during the painful period of denti- 
tion. Epilepsy and hydrophobia may possibly be explained in the 
same way. 

In certain conditions of the nervous system these irregular 
movements or spasms (convulsions) can be excited much more 
readily than is normally the case. As most striking among these, 
may be named poisoning with the alkaloid of nux vomica (strychnia) 
and. the state of the blood which is produced by cessation of the 
respiratory function (asphyxia). These toxic conditions of the blood 
bring about a peculiar excitable condition of the cells or conducting 
fibres of the spinal cord, in which impulseg seem to pass with un- 
wonted facility from one part to another, and give rise to an excessive 
degree of action even in response to normal stimulations. A frog 
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poisoned with strychnia is thrown into general spasm of the entire 
body by even the least touch, which normally would only cause it to 
withdraw the limb slowly. 

On the other hand, there are many poisons which seem to have the 
effect of dulling the reflex powers of the cord centres, among these 
are opium, chloroform, chloral, digitalin, &. Aud the condition of 
the blood which may be brought about by too rapid respiratory 
movements (apnaa), has also the effect of lowering the excitability of 
the spinal nerve cells, and slowing respiration. 

The great majority of reflex actions may be preveuted or controlled 
by the will, and the masses of cells in the basal ganvlia and medulla 
seem habitually to exert a checking or inhibitory action on the reflex 
actions of the spinal cord. It is in this way that we account for the 
well-known facts that in a frog which has not been decapitated it 
is impossible to induce the ordinary revular reflex movements, and 
that a human being, when asleep, shows well marked reflex action in 
response to a slight stimulus that would be quite ineffectual when he 
is awake. We know, too, that fur some little time after pithing a 
frog one cannot count on constant or regular results, because the 
act of section of the upper part of the spinal cord acts as a stimulus 
to those channels which habitually hear impuwlees from the brain, 
and, by exciting them, has the same inhibitory effect. Further, it lias 
been said that artificial stimulation of the corpora-quadrigemina aud 
medulla have the effect of completely checking the reflex action of 
the cord. 

It is not only impulses coming from the Jigher centres that 
are capable of inhibiting reflex activity.” If. while the cord is em- 
ployed in reflex action, in response to gentle cutaneous stimujation, 
a large sensory nerve trunk be stimulated with an interrupted electric 
current, the reflex action ceases, In short, it may he accepted that 
strong impulses arriving at the cord from any direction, have the 
effect of inhibiting the action of its reflecting culls. 

The theory of reflex action lies at the bottom of all nervous activities, 
and it is therefore useful to attempt to work out the details of the 
mechanisms by means of which it is carried on. The simplest scheme 
of the channels traversed by the impulses is given in the diagram 
(Fig. 241), in which the arrow-heads show the direction of the afferent 
iupulse passing along the posterior ruvot of the cord to reach the 
cell in the posterior grey colamm, thence through the fine grey net- 
work, it passes to a cell ip the anterior column, to reach the efferent 
fire, and through the anterior motor root of the nerve on ita way to 
the muscle. It has been suggested that the impulse meets with con- 
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siderable resistance in passing through the protoplasm of the cells, 
and that owing to this resistance the effect of a slight stimulus 
remains localized, while a more powerful irritation gives rise to 





Fig. 342.~Diagram of the paths taken by the impulses in the brain and cord. 
wu., motor channels; xs., sensory channels; cr., cranial nerve. 


impulses that can overcome the resistance, und thus spread to @ 
greater number of cells, even reaching those situated in a remote 
district. Thus the co-ordination in the cord would be simply depend- 


524 MANUAL OF PHYSIOLOGY. 


ent on the inability of the impulses to affect cells other than those 
in their immediate neighbourhood, and the relation between the 
strength of stimulus and the effect would in this manner be easy 
ofexplanation. It hasalsobeensuggested that thisresistance is increased 
by impulses arriving at the cells from a different direction, and the 
checking or inhibitory action of the higher centres, or intense peri- 
pheral excitation of another part, impedes the spreading of the im- 
pulses to be reflected and a lesser result is obtained. 

But this view of resjstance to and interference with the transmission 
of impulses in the nerve cells hardly explains all the phenomena 
observed even in the reflex action of the spinal cord and the various 
modifications it can undergo with varying conditions. It will, how- 
ever, help us in formulating the mechanism if we suppose the resist - 
ance in the grey part of the nerve centres to be much greater than in 
the ordinary nerve channels, and that throughout it the ways are so 
infinitely numerous that we can imagine every individual nerve-cell 
to be in communication with every other nerve-cell by some path 
possible of being traversed. But these paths have to be made passable 
by use; the oftener an impulse traverses a given route the more 
adapted such a route becomes for future traffic. Thus, by practice or 
the habit of using certain sets of muscles, we constantly freshen certain 
channels of intercommunication between the various cells of the cord 
and thus make beaten tracks, along which impulses can pasa without 
hindrance, The nerve-patha, along which the impulses, producing 
certain movements commonly performed by every individual, have to 
pass, are no doubt prepared by the long practice of our ancestors, 
and the power of performing these actions ix transmitted to us ready 
for immediate application. Other paths required for the preluction 
of unusual combinations of movements have to be worked out by the 
individnal, and much of the difficulty of learning any trade depends 

on the necessity of making impulses readily traverse some definite 
directions, so as to excite certain groups of cells to act synchronously 
and set certain sets of muscles in accurately co-orlinated motion. 
Indeed, the delicacy of manipulation required hy some tradex cannvt 
be attained in the lifetime of one individual ; thus, it is said to take 
three generations to make a perfect glass-blower ; the grandsun 
having the benefit of the hereditary tendency to accomplish certain 
co-ordinations acquired by the life-long habit of the parents. 

The reflex convulsions that occur in poisoning with strychnia, or 
as the result of some constant but slight stimulation, may, be ex- 


plained as follows : d 


We know that, besides the resistant thin paths of cdunection 
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between the cells of the cord, there also exist medullated fibres— 
short cuts, as it were—for impulses to travel from one part of the 
cord to another, for the various cell groups are in communication 
with those situated in the other regions, by means of fibres that lie 
in the white columns. Now, if we suppose the ordinary reflex traffic 
of the cord-cells to be carried on without the assistance of these 
direct lines of communication, we must assume that there is some 
special means of shutting these fibres out of the working of the reflex 
machine. Such special mechanisms do, in all probability, exixt, and 
are in relationship with, or under the command of the inhibitory 
cells of the higher centres, We may then suppose that strychnia 
removes the power of these special ayents, and the impulses finding 
the «direct ways from one part of the cord to another open, take these 
routes, and are simultaneously and irregularly diffused throughout 
all the cell territories (independent of the ordinary paths they have 
been educated to follow), and thus convulsive movements are excited 
in many parts of the body. 

In like manner we can imagine that the umemitting activity 
necessary to keep in check the impul-es arriving from a constant 
source of stimulation, such as intestinal worms, eventually fatigues 
the active elements in this inhibitory mechanism, and then—often 
suddenly—the force of the accumulated irritation, 10 lonver restrained 
by the checking influence, rushes along the direct channels to all 
parts of the cord, and simultaneously exciting them brings many 
discordant muscles into spasmodic action. 

The reflexion of an impulse fiom a sensory nerve, through the cells 
of the spinal cord to a motdér nerve, occupies a measurable length of 
time, which has been estimated at about }, of a second. The time 
required for the performance of a reflex act varies considerably in the 
same indiyidual under different conditions ; of these, high tempera- 
ture and intense stimulation shorten the time, and fatigue or cold 
lengthen it. 


SrEciaAL REFLEX CENTRES. 


Many of the groups of nerve-cells in the cord are employed im 
executing definite familiar ucts essential to the animal economy 
and more or less independent of the will. Many of these acta are 
very complex, and require the co-ordinated action of certain sets of 
muscles and the inactivity of others, Such groups of nerve-cells have 
been called special centres, and many of them have already been 
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referred to in the preceding chapters, where a fuller consideration of 
them may be found. The more important are : 

1. A centre for securing the retention of the urine by the tonic con- 
traction of the sphincter muscle of the bladder. This group of nerve- 
céils is probably kept in action by impulses arriving from the bladder 
by the afferent nerves, passing from its walls tothe spinal cord. The 
more distended the bladder becomes, the more powerful the stimulus 
sent to the cord, and therefore the more firmly the sphincter is made 
to contract. ¢ 

2. Nearly related to the former is the centre which presides over the 
evacuation of the bladder. This is excited by impulses arriving from 
the urethra, near the neck of the bladder. It then sets the detrusor 
muscle in action, while the sphincter is relaxed by voluntary inhibition. 

3. The ejaculation of the semen may also be said to be accom- 
plished by a special spinal centre, capable of controlling certain special 
movements, in which involuntary muscles play an important part. 

4, In parturition a number of motions are called into play (as well 
as the uterine contraction) which are so regularly co-ordinated as to 
entitle us to suppose that they are arranged by a special centre in the 
spinal cord. 

5. The act of defecation is accomplished by means of a spinal 
centre also. The action of this centre might (like that presiding over 
the urinary bladder) be divided into two parts—retention and evacua- 
tion—in which volition and intestinal peristalsis play a very im- 


portant part. 
AUTOMATISM. 


Besides being excited to action by impulses coming from the brain 
—volition—and from the surface—reflecvon—the groups of cells in the 
spinal cord may act without any obvious incoming impulses that is to 
say, some of the cells are capable of spontaneous activity. Such groups 
of nerve-cells are commonly called automatic centres ; the roore im- 
portant of those found in mammalia may be classified as follows : 

1. Vaso-motor centres: Though the central point from which 
the contractions of the blood vessels is controlled is situated in 
the medulla, there is no doubt that even in mammalia centres 
are distributed thronghout the grey matter of the spinal marrow, 
which are capable of keeping up the arterial tone in the regions 
to which they correspond. As evidence of this may be men- 
tioned the fact that the dilatation of the arteries, which follows the 
severance of the lumbar part of the cord from the medulla, only lasts 
a few days, after which the vessels again contract in the usual tonic 
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manner. The arterial tonus only disappears completely and perma- 
nently when the spinal cord is destroyed. Thus, it would appear— 
although habitually the vessels of all the body are regulated by a 
centre in the medulla, nearly related to the cardiac centre—that every 
vascular region has a nervous mechanism of its own in the cord, which 
suffices to keep up the tonic contraction of the muscular coat of its 
vessels as soon as the necessary new lines of intercommunication have 
been opened between the different districts most nearly related to it. 

2. Sweating centres: Though closely related to the preceding, 
the centres which preside over the secretion of sweat in the lower 
part of the body and hinder extremities must, for many reasons which 
cannot now be mentioned, be regarded as separate centres. 

3. Many sets of smooth muscle-fibres appear to be kept in a atate 
of tonic (automatic) contraction by means of centres in the cord. 
Thus, in the lower part of the cervical cord is a group of nerve-cells 
which keep the dilator muscle of the iris partially contracted ; a 
narrowing of the pupil has been described as following injury of 
this region. 

4, The grey matter of the cord is also said to keep the skeletal 
muscles in a state of slight tonic contraction, either from automatic 
or reflex stimulation. 

On account of the elaborate and purposeful reflex movements per- 
formed by decapitated froga or eels, it has been suggested that in the 
lower vertebrates the spinal cord is capable of sensation and volition 
—mental activity—but to follow this assumption, we should have to 
modify our ideas of volition and sensation, for which consciousness is 
commonly taken to be a netessary factor. It is, however, important 
to note that the lower we come in the scale of vertebrate animals the 
less powerful are the mental faculties, and the more important are 
the functigns that the spinal marrow presides over. 


CHAPTER XXXV. 


THE MEDULLA OBLONGATA. 


THE “oblong marrow” is the direct continuation of the spinal 
marrow, and contains the different items in the construction of the 
latter, prolonged upwards and minvled with some additional grey 
masses, The exact relationship of the different parts of the medulla to 
those of the spinal cord may be best understood if we suppose the latter, 
when it reaches its upper limit, to be split vertically on its posterior 
eide down to the central canal, and ihe lateral masses so separated 
from one another that the central grey part of the spinal cord 
becomes spread out on the posterior surface of the medulla oblongata, 
The grey matter of the medulla oblongata consists, then, of two 
portions distinct from each other ; one being the direct continuation 
of the grey columns of the spinal marrow, and the other being made 
up of certain grey nodules embedded here and there among the white 
atrands. These latter, as a rule, subserve special functions, while 
the continuation of the giey columns of the spinal cord, which are 
spread out on the floor of the fourth ventricle, contains the nerve 
cells that preside over the movements which are most — for 
the every-day business of life. 

The functions of the medulla may be conveniently divided, in the 
game manner as those of the cord, into its conducting power ‘and its 
use as a central nervous orzan. 


THe Meputta OBLoncata as A CoNDUcTOR, 


The various white columns of the spinal cord are sv distributed in 
the medulla that the anatomy of their course gives some indi- 
cation of the channels by which impulees are carried through it. 
Bat here, as in the spmal cord, we xhould remember that the white 
fibres must be regarded “as the direct and rapid means of transit of 
iinpulses, while the felt-work of fine fibres in the grey part can also 
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conduct impulses in all directions. Though the readiness of transit 
is much less along the thin-fibred network than vid the direct medul- 


lated routes, the com- 
plexity of paths and the 
variety of directions in 
which they lead, is 
much greater in the 
grey than the white 
substance. It is by 
ineans of the grey sub- 
stance that the two 
lateral parts of the 
medulla are so nearly 
related to one another, 
and the local centres 
are kept in communi- 
cation with the distant 
parts. 

The posterior giey 
columns of the spinal 
cord are partly con- 
tinuel on by fine 
strands into the cere- 
bellum by its pedun- 
cles, and partly are 
carried on to the brain 
through the cerebral 
pedunqges. The antero- 
lateral columns are 
also distriynted in part 
through the pyramids 
and peduncles to the 
cerebrum, and in part 
hy the restiform bodies 
and peduncles to the 
cerebellum. In the 
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Fig 243.—Diagam of Braun and Medulla 
Oblongata. (Cleland.) 

a, Spinal cord , }, 2, Cerebellum divided and above 
it, the valve of Vicnssens partially divided ; «, 
Corpora quadngenuna; d, d, Optic thalami ; 
e, pineal body; 4, /, Corpora striata; 9, gs 
Cerebral hemispheres in section; &, Corpus 
callosum ; :, Forma; J, 7, Lateral ventricles; 
3, Third ventricle , 4, Fourth ventnele; 5, Fifth 
ventricle, bounded on each side by septum 
luadum. 


pyramids the decussation of the anterior columns takes place, and it 
is believed that this is the point at which the direct channels carrying 
voluntary motor impulses to the skeletal muscles pass across frum one 
side of the body to the other. 

It must always be remembered that the medulla is the only 
route between the brain and the spinal cord, and in it some meduls 
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Jated channels cross and separate to pass to their cerebral connections, 
nnd the grey part of the spinal marrow is spread out on the floor of 
the fourth ventricle, and amplified by the addition of several separate 
foci of grey matter. 


Tae MEDULLA OBLONGATA AS A CENTRAL ORGAN. 


A number of groups of ganglion cells with special and specific 
duties are located in the medulla; indeed, those acts which are 
obviously most impoftant for the due execution of the vegetative 
functions, are, for the most part, arranged and governed by the nerve 
cells of the medulla. Some of these centres may be called automatic, 
though they are variously affected by many impulses arriving from 
distant points, and others are purely reflex in their action. The 
former are the more immediately essential, and will therefore be 
considered first. 


RESPIRATORY CENTRE. 


The centre which regulates the motions of breathing has been 
known to be situated in the floor of the fourth ventricle at the 
upper and back part of the medulla ever since Flourens showed that 
injury of this spot—the vital point—was followed by almost instant 
cessation of respiratory movements and death. 

This centre is a good example of a so-called automatic centre ; 
that is to say, the blood flowing through the medulla and nourishing 
the cells suffices to supply them with the necessary energy for their 
periodic activity, and we know that the quality of the blood reach- 
ing this part modifies the activity of the cells; for the less,oxygen 
and the more carbonic acid contained in the blood, the more power- 
fully does it act as a stimulant to the centre. us 

Although we take the respiratory centre as an example of an 
automatic centre, its daily work is arranged by means of afferent 
impulses, so that the normal rhythm of breathing is regulated and 
maintained by reflex action. The mechanical states of the lungs— 
whether distended as in inspiration or contracted as in expiration— 
seem to excite the terminals of certain fibres of the vagus, which 
carry impulses to the centre, and thus excite or restrain the inspi- 
ratory movements. 

But this automatic centre can also be influenced by the higher 
centres of the brain, for by our will we can obviously regulate our 
breathing movements or stop breathing altogether fora time. And 
further, the action of the respiratory centre can be much altered by 
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impulses arriving from the surface, as may be seen by the gasping 
inspirations which involuntarily follow the sudden application of 
cold to the surface. 

Again, the activity of the centre may be quite altered by stimu- 
lations of certain parts of the air-passages ; so much so, that coneul- 
sive actions of the respiratory muscles are brought about, which 
induced some to speak of a sneezing centre and a coughing centre in the 
medulla. But sneezing and coughing may be equally well explained 
as a peculiar form of activity of the respiratory centre, or a reflex 
alteration in the respiratory rhythm, caused by irritation of the nasal 
or laryngeal mucous membranes, as by supposing that special reflex 
centres exist for the purpose of sneezing or coughing. 

Though the action of the respiratory centre can be modified by (1) 
the will and by (2) various peripheral stimulations, and is habitually 
regulated from the periphery through the (3) vagi by the state of the 
lungs, the condition of the blood supplied to the centre may be such 
that these remoter influences may become quite powerless. This uncon- 
trollable condition of the centre is established when the blood flowing 
through it is abnormally venous and the cells become over-stimu- 
lated. We all know how short a time we can hold our breath by 
voluntary checking of the centre, and most people have had occasion 
to observe the inordinate and painful efforts of a person whose 
respiration is interfered with by disease. When the dyspnaa be- 
comes intense, nearly all the muscles in the body are called into 
action. Thus, in quiet breathing comparatively few nerve cells in 
the medulla carry on the work of respiration, but under certain 
emergencies they can call to their aid the entire motor areas of the 
grey substance of the spinal cord, and thus give rise to a kind of 
general effort. Hence we often hear of a convulsive centre in the 
medulla being placed in close relation to the respiratory centre. In 
cases, namely, irritation of the air passages or imperfect oxidation of 
the blood, the convulsive centre comes under the command of the 
cells of the respiratory centre, which can then excite coughing, 
sneezing, or convulsive inspiratory effort. 

As slrealy mentioned, the convulsion of asphyxia may also, in 
part at least, be explained by the impure blood acting as a stimulus 
to the cells of the cord itself. 


Tar VaAso-MOTOR CENTRE. 


It has already been stated that groups of cells exist in the grey 
part of the spinal cord, which, according to the class of animal, have 
more or less direct inflyence upon the muscles in the coats of the 
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vessels. Thus in a frog, whose brain and medulla have been de- 
stroyed, in some hours the vessels of the web regain a considerable 
degree of constriction, which is again lost if the cord be destroyed. 
In the dog the vessels of the hinder limb also recover their tone 
mdie or less perfectly in a few days after the spinal marrow has 
been cnt in the dorsal region, although just after the section they 
are widely dilated from the paralysis of their muscular coats. Ina 
few days, then, the cells of the cord can learn to accomplish, of their 
own accord, work which they had been in the habit of doing, only 
under the direction of the higher centre. From this we conclude 
that though the cord contains local vaso-motor centres distributed 
throughout its grey matter, these are all under the direction and 
control of the vaso-motor centre in the medulla, and this centre is 
really the chief station from which impulses destined to affect the 
whole organism must emanute. 

This arrangement is quite comparable with that by which the 
ordinary muscles are made to contract. When the will causes a 
inuscular contraction, the impulse starting from the cerebral cortex 
does not travel directly to the muscle, but it passes from the brain 
to certain cells in the cord and thence to the muscles. In fact, to 
these spinal agents the ultimate arrangement and co-ordination of the 
act is confided. So, also, the chief vaso-motor centre in the medulla 
executes its orders through the medium of numerous under centres 
placed at various stations along the cord. 

The vaso-motor centres—like nearly all other controlling groups 
of ganglion cells—must be considered to be made up of two parts 
antagonistic one tu the other, viz., a constricting and dilating centre, 
the impulses from which commonly travel along separate nerve 
channels, The constricting impulses are mainly distributed by the 
sympathetic nerve, while the dilating impulses generallysrun in the 
ordinary peripheral nerves, which are employed in calling forth the 
ordinary function of the part in question. This is chiefly true of the 
internal organs, but in the limbs all the nerve channels are commonly 
collected together to form a single nerve. 

From what has been said as to the wide distribution of centres 
influencing the blood vessels, an attempt to localise exactly the 
position of the medullary vaso-motor cells is not satisfactory. In 
the lower antmals—frogs—the cells are evenly diffused throughout 
medulla and cord. In man the localisation is difficult to demonstrate, 
though we have reasons for thinking it much more definitely circum- 
seribed than in the lower animals. In the rabbit it has been tolerably 
accurately localised to the floor of the fourth ventricle, in the imme- 
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diate neighbourhood of the respiratory and tardiac centres. From 
this the nerves pass into the cord to the spinal roots, by which they 
reach the sympathetic. 

The vaso-motor centre exerts a tonic or continuing action on the 
vessels, holding them in a state of partial constriction or tone, In 
this it may possibly be said to have an automatic action. Though 
tonic state of activity of the ceutre may be called automatic, it is 
really under the control of many complex reflex influences, which 
constantly vary the general tone, or effect local changes in the degree 
of constriction of this or that vascular area. A’mong the most striking 
afferent regulating impulses are those arriving from the heart, the 
digestive organs and the skin. In some animals, & special nerve— 
the depressor—has been discovered, which, passing from the heart 
to the medulla, keeps the vaso-motor centre informed as to the degree 
of tension, &c., of the heart cavities. When the heart becomes over- 
full, impulses pass from it and check the tonic power of the centre 
so as tv reduce the arterial pressure against which the ventricle has 
to act. Electric stimulation of this nerve causes a remarkable fall in 
the general blood pressure. The vaso-motor centres regulate the dis- 
tribution of blood to the viscera and skin, according to the condition 
of activity of these parts as described in another chapter (XXX1,). 


Tae Carpiac CENTRE. 


Although the heart beats with characteristic periodicity when cut 
off from the nervous centres, its normal rhythm is under the control 
of a group of nerve cells * the medulla, from which some of the 
fibres of the vagus conduct special regulating impulses, The action 
of this centre is habitually that of a restraining agent lessening the 
rate of the heart’s contractions, and is hence called a tonic inhibitory 
centre (see page 222), The activity of the centre is influenced by 
the condition of many distant parts, such as the cortex of the brain, 
the abdominal viscera, &c., which exert a kind of reflex action on 
the heart through this centre. The degree of inhibitory power, as 
well as th® share taken in the action of the centre by automatism 
and reflection, differs in different animals. 

In the medulla there also exist many other centres connected with 
the organic functions. Among these the centres for gwallowing and 
vomiting may be mentioned. For further details on this subject, the 
reader may consult the chapter on Digestion (see page 83). 


CHAPTER XXXVI. 


THE BRAIN. 


AS we pass upwards in attempting to trace the destiny of the con- 
ducting channels of the medulla, we come to the more elaborate 
system of nervous textures which, together, are called the brain. This 
is anatomically the most highly developed, and physiologically the 
niost intricate part of the central nervous organs. Besides the nerve 
cells and various kinds of conducting channels with which we have 
already become familiar in the cord, &c., there are in the brain a vast 
number of smaller elements which do not possess the distinctive 
characters of cells, These granular bodies are tightly packed to- 
gether in many parts of the ceutres, and must have some important 
function, which is, however, at present unknown. 

The best way to get an idea of the general plan of construction of 
the brain, is to follow its development in the earlier stages of the 
embryo, from the time when it forms an irregular and thickened 
part of the tube of tissue destined to become the spinal cord. From 
this it will be seen that the brain is but a modified part of the pri 
tive nervous axis, in which certain swellings may be observec at an 
early period of embryonic life. These swellings are called the fore- 
brain, the mid-brain, and the hind-brain, and in the futur? develop- 
ment of the parts give rise to (1) the hemispheres aud basal ganglia ; 
(2) the corpora quadrigemina, pons, and cerebellum; and (3) the 
medulla oblongata. The great mass of the brain—the hemispheres— 
are formed by an excessive development of lud-like processes which 
grow out from the sides of the fore-brain at an early period, which 
become elaborately folded, so that in the adult it is dificult to trace 
the relationship to the original form (compare p. 571, &c.). 

The cells of the brain are, like those in the cord, grouped together 
in the complex grey substance, while the white part is made up ex- 
clusively of conducting fibres. The grey substance may be said to be 
distributed in four more or less distinct regions. (1.) Of these one 
can be traced along the floor of the fourth ventricle, from the grey 
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matter of the cord to the base of the brain, as far forwards as thie 
tuber cinereum, so that it may be said to be representative of the 
grey matter forming the inner lining of the primitive nervous tube. 
(2) Then come the ganglia of the brain, which are the more or less 
isulated masses of grey substance within the brain, known as the 
corpora quadrigemina, optic thalami, corpora striata, &e. (3) The 
grey substance of the cerebellum and of the corpora quadrigemina is 
derived from the upper part of the mid-brain. (4) The cortex of the 
hemispheres of the brain forms the most extensive grey district, and 
must be regarded as quite distinct from the pfeceding. 

Connecting the various parts of these grey regions are sets of fibres, 
which may be classified as follows :— 

1. Those which act as channels of intercommunication between the 
different parts of the same region. These may be divided into unilateral, 
which connect together the cells of a single hemisphere, and biluteral, 
or commissural fibres, which unite the corresponding inasses of grey 
snatter on the two sides of the brain. 

2, Those which connect the different regions one with another. 
Under this head naturally fall (1) those fibres which pass between 
the cortex and the basal ganglia ; (2) those running from the cortex 
to the cerebellum ; and (3) those connecting the above with the axial 
or spinal grey matter. 


THE MESENCEPHALON AND CEREBELLUM. 


In examining the functions of the brain, it will be advantageous 
to consider the various parts in the order they are found in proceed- 
ing fyom the medulla towards the cerebral hemispheres. Between 
the medulla oblongata aud the hemispheres, we thus come to a group 
of parts, + ncluding the pons, the corpora quadrigemina, pons varolli, 
and cerebellum, which may be called the mesencephalon, being 
developed from the mid-brain. The duties of this part of the 
nervous centres can be investigated by observing the actions of lower 
animals, in which the hemispheres, have been removed, or the parts 
directly sfimulated, and by noting the symptoms produced in man by 
lesions of this part of the brain. The former gives the most definite 
results, and therefore, for our purpose, deserves most attention. 

When the cerebral hemispheres have been remoyed from a frog, 
the animal retains the power of carrying out co-ordinated motions of 
much greater complexity than those performed by command of the 
spinal cord alone. But this power is ndt exercised spontaneously. 
That is to say, the animal can balance itself accurately, jump, swim, 
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swallow, &c., but it only attempts these acts when forced to do 
so by stimulations arising from its outer surroundings. Thus on a 
flat surface it sits upright, but does not stir from the spot where it 
has been placed ; if the surface upon which it sits be inclined, so 
that its head is too low, it turns round to regain its equilibrium. If 
the surface be further inclined, it at first crouches so as not to slip 
off, and then crawls upwards to find an even resting place. Plunged 
into deep water, it swims perfectly, but on arriving in a shallow part, 
it cither rests quietly with its nose out of the water and its toes 
touching the ground, o crawls out to sit on the water’s edge, where 
it finds its balance. When touched on the leg, it jumps away from 
the stimulus, and in so doing avoids any obvious dark obstacle. It 
swallows if a substance be put in its mouth, but it does not attempt 
to eat even? when surrounded with food. In short, all movements, 
even the most complex, may be brought about by adequate 
stimulation—spontaneity only is wanting. The pupil responds by 
reflex contraction, when the retina is exposed to light ; the eyes are 
closed if the light be intense ; and the head may follow the motions 
of a flame moved from side to side. A sudden or loud neise causes 
the animal to move. From the foregoing facts, and the power such 
a frog has of avoiding a dark object, we may conclude that the 
impulses arriving from the special sense organs are all duly received 
and excite more or less elaborate response, but the conscivusness of the 
arrival of these impulses no longer exists. 

The removal of the hemispheres of birds and rabbits leaves the 
animal in somewhat the same condition ; but the response to the 
special sense impulses is not so definitetor well marked since the 
animal flies or runs against even the most obvious obstacles. 

We may conclude, then, that while the medulla controls the 
co-ordinated movements absolutely necessary for the vegetative 
functions, the mid-brain (including the cerebellum of ‘birds and 
mammals) controls the still more complex associations of co-ordi- 
nated movements necessary for the perfect performance of such acts 
as balancing our bodies, and enables us at the same time to carry on 
elaborate co-ordinated motions with the upper extremities, or vocal 
and respiratory muscles. 

The enormous number of muscles simultaneously used in some of 
our commonest daily actions, concerning which we have but little 
thought, and take no voluntary trouble, shows the great importance 
of this part of the brain. If we take a simple example, that of 
standing in the upright “position (equilibration) (see page 399) we 
find that a great number of muscles have to act together with the 
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most exact nicety to accomplish what, even in man, is a quite 
thoughtless, if not quite involuntary, action. In the frog, as 
has been seen, equilibration is performed by reflex action alone. In 
man, the nervous mechanisms are probably more complicated by his 
erect attitude and the addition of the cerebellum, &c., but they, are 
nevertheless comparable with those of the frog. It may therefore 
be instructive to examine the details of the mechanisms in a frog 
deprived of its cerebral hemisplicres, 

The optic lobes (which correspond to the corpora quadrigeniina, 
and also take the place of the cerebellum%of the higher animals) 
form, in the frog, the great centres of equilibration, locomotion, &c. 
If these lobes be destroyed, the animal can no longer sit upright, 
jump, or swim. The first point to determine is, whence do the 
impulses arrive which bring about these complex co-ordinations. 
The first set are those coming from the tactile sense of the skin of 
the parts touching the surface; another set of impulses arrives from 
the avting muscles acquainting the centres with the amount of work 
done. A third set comes from the eyes, by which the position of 
the surrounding objects is gauged; and finally, from the semi- 
circular canals of the internal ear come impulses which inform the 
equilibrating centres as to the position of the head. 

By depriving a frog of these several portals by which incoming 
stimuli direct the balancing centres, it can be rendered incapable of 
any of the acts requiring equilibration, even when the regulating 
centres are intact. In our own bodies we can convince ourselves of 
the absolute importance of these ufferent regulating impulses arriving 
from the ear, eye, skin, an@ muscles. If having bent one’s forehead 
to thg handle of a walking stick, the end of which is fixed on the 
vround, we run three or four times around this axis, and then quickly 
wallf towards any near object, we find how helpless our volition 
becomes ft deprived of the normal incoming stimulus, for thus an un- 
wonted disturbance of the nerve-terminals in the semicircular canals 
hasdispatched conflicting impulses to the co-ordinating centre of equili- 
bration. Further, we know that we stand less fixedly when our eyes 
are shut, @nd we move unsteadily when our feet are benumbed, &c. 


CrurRA CEREBRI. 


Passing above the Pons Varolii, we come to a thin isthmus, com- 
posed of two thick strands of nerve substafice connecting the mesen- 
cephalon with the cerebral hemispheres. These are called the crura 
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cerebri. They diverge slightly in their upward course towards the 
hemispheres, and lie just below the corpora quadrigemina, which 
have already been referred to. Minute examination of these crura 
brings te light an anatomical difference which corresponds with a 
distinct physiological separation between the paths taken by the 
ge ‘and motor impulses in each crus. The lower or more anterior 
part, which can be seen on the base of the brain, is called the base or 
crust@ This is made up of motor nerve channels only. The pos- 
teribr or upper part, which lies next to, and is connected with the 
corpora quadrigemina, Ss called the tegmentum, and is composed of 
sensory fibres, Anatomically the separation between the two is 
indicated by some scattered nerve-cells (locus niger). The base, or 
crusta, Which is the great bond of union between the spinal cord and 
the cerebral motor centres, passes into the corpus striatum ; and the 
tegmentum, or great sensory tract, is directly connected with the optic 
thalamus. 


Basau GANGLIA. 


The great masses of grey and white matter seen on the floor of the 
lateral ventricles are cailed the corpora striata and optic thalami, and 
together are spoken of as the basal ganglia, The exact relationship 
borne by their functions to those of the mesencephalon and cerebral 
cortex is not perfectly understood, though it is, no doubt, intimate. 
The following are some of thé more important points in the evidence 
on the subject :— 

Corpora Srriata.—The motor tracts;coming from below, lie in 
the lower part of the crus cerebii, and thence one on each side 
passes into the corresponding corpus striatum. Anatomically, then, 
this part may be regarded as the ganglion of the motor tract. ° 

Destructive lesion of one corpus striatum is followed “by loss of 
power of the muscles of the other side of the body. This is equally 
true of lesions artificially produced in animals, and those resulting 
from disease in man. When the crura on both sides are destroyed 
the animal remains motionless and prostrate. id 

Electrical stimulation of one of the corpora striata causes uni- 
lateral motions of the other side of the body. This fact, however, 
does not teach,us much concerning the functions of the particular 
cells of its grey matter, since the stimulus cannot be kept from 
affecting the fibres passing through the corpus striatum to go directly 
to the motor tract. 

In dogs, and still more so in rabbits, the corpora striata seem to be 
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able to carry out some complex motions which in man are believed to 
require the cn-operation of the higher cerebral centres, It has 





@ 
Fig 244.—Diagram of some of the paths taken by ncrie uupulses m the brain and 


spinal cord. 
C, Grey substance of cercbral cortex. c’. Gicy substance of cerebellum. 
Cr. Cranial nerves, some afferent and some effcrent. 
Af, Motor (efferent) spinal nerves. S. Sensory (afferent) spigal nerves. 


been stated that a dog whose cerebral cortex is completely destroyed 
can perform movements that in man can only be evoked by the 
cortex of the hemispheres, 
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Tt would appear then that the grey matter of the corpus striatam 
is a motor ganglion, nearly related in function to the cerebral cortex. 
The cells of this ganglion are the first agents working under the 
ee sad the cortical = and carry out the organization 





and distribution of voluntary gator im- 
pulses, In animals whoes hemispheres 
are less complexly devaloped, such as 
the dog or rabbit, the “basal agent ” 
seems capable of carrying on jmore elabo- 
rate work, independent of the guidance 
of the higher motor centres in the grey 
matter of the brain, 

Opric THaLami—The evidence con- 
cerning these ganglia is far from being as 
satisfactory or conclusive as that relating 
to the corpus striatum, 

Anatomically the matter is equally clear ; 
they are the ganglia of the sensory tracts, 
since the tegmentum or sensory parts of 
the crura pass directly into them. They 
form, in fact, ihe only routes by which the 
impulses giving rise to the different kinds 
of sensory impressions can arrive at the 
eerebral cortex. But the evidence we can 
obtain by the physiological examination of 
sensory impressions is very indistinct in 
comparison with the obvions results we 
find when motor tracts are excited; igdeed, 
in the complete absence of all motion, 
it is difficult to know whether_an animal 
feels or not, as we have no signs to show 
whether the stimulus takea effert. Fur- 
ther, it is difficult, as has been already 

" aeen, to stimulate any sensory tract with- 
pass from below. out the impulse being reflecied to its 
minotor neighbours, so a muscular move- 
ment often results from stimulation of a group of cells purely sensory 
in function. . 

When we take into consideration the foregoing points, and the 
fact that it is difficult, if not impossible, to destroy a portion of brain 
substance without irritating it and the neighbouring structures, we 
cannot be surprised that experimenters have arrived at very con- 
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tradictory results, both by stimulating and destroying the optic 
thalami. Some find that electric stimulation causes muscular move- 
ments ; others find that it does not. Some authorities state that 
destruction of the optic thalami interrupts only the incoming sen- 
sory impressions ; others say it gives rise to motor paralysis, , 
’ Human pathology helps us but little, for it is impossible to say 
whether a given lesion simply abolishes the function of the part or 
acts as an irritant to it, or in some degree produces both these effects. 
Local lesions of the optic thalami have been met with, in geome of 
which sensory, and in others, both sensory and motor defects have 
been observed in the patients. 

We must, then, remember that the occurrence of motion as the 
result of stimulation, or the absence of muscular power as the 
result of destruction of the optic thalami must not be accepted as 
conclusive evidence of the motor function of the active elementse— 
the nerve-cells—of this part, because these results may depend on 
the indirect influence of the sensory impulses coming from these 
cells, 


a 


CEREBRAL HEMISPHERES. 


It is now universally regarded as a recognised fact that in man the 
hemispheres of the brain’ are the seat of the mental faculties—per- 
ception, memory, thought, and volition. The cerebral cortex is the 
part of the nervous system in which the subjective perception of the 
various sensory impulses takes place, and in which impulses are 
converted into impressions or mental operations. It is in the cortical 
nerve-cells the so-called voluntary impulses, causing movement of 
the skeletal muscles, have their origin. It is thus a sensory and a 
motgr organ. But it has a far wider range of function than is ex- 
pressed bg saying it is both sensory and motor ; indeed, in this it 
would be no better than the other nerve-centres in the spinal cord, 
&c. The cells of the cortex of the brain seem to differ from those of 
the lower nerve-centres (which can also receive, and at once send out, 
corresponding impulses), in this: when an impulse arrives at the 
cerebral cells, it there excites a chunge, which, besides producing an 
immediate effect, leaves 2 more or less permanent impressiun ; the 
impression persists, and if the cell be well supplied with chemical 
energy in the shape of nutriment, the impression may be reproduced 
at a subsequent period, This revival of impressions, the effects of 
past stimulations, or “re-collection” is exclusively the property of 
the cerebral cortex, and to it the hemispheres owe their mental 
faculties, During our lifetime sensory impulses are continually 
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atreaming into the cells of the cortex of the brain from the peripheral 
sensory organs. Thus innumerable impressions are left stored up in 
the nerve-cella, The effect of the continuing presence of these im- 
pressions in the active cells is memory, and by an association, arrange- 
men{, or separation of these persisting impressions, the activity of the 
cells gives rise to thought or ideation. 

In close relation and connection with these cells of the cortex, in 
which permanent impressions are stored and ideation is accomplished, 
are those other groups of cells which have been mentioned as being 
in direct communication with the lower motor centres, and can by 
the medium of the latter execute voluntary movements. 

It is a very remarkable fact, as far as the mental faculties are con- 
cerned, that one side of the brain seems to be sufficient for their 
perfect performance. Memory, consciousness, and thought can all 
be operative in a perfectly normal way, when one side of the brain is 
rendered incapable of performing its functions by disease or injury. 
But this is not true, as regards the reception of sensory impressions, 
or the emission of voluntary impulses. The difference between the 
mental powers and mere motor and sensory functions of the brain 
can be seen in those cases of paralysis known as hemiplegia. The 
patient is frequently fully conscious, and possesses unimpaired power 
of thought and memory, yet he is unable to perceive the sensory 
impulses coming from one side of his body or send voluntary impulses 
to the muscles of the paralysed side. 

The cells which act as the immediate receivers of afferent and 
dispensers of efferent impulses to one or other side of the body are 
then localized to one hemisphere, and that, we have already seen, is 
that of the opposite side. 


LOCALIZATION OF THE CEREBRAL FUNCTIONS. 


Whether the surface of the hemispheres can be mapped out into 
small arcas, each of which is set apart for a definite duty, or whether 
a comparatively restricted portion of the cortex suffices for,the per- 
formance of all the functions of the hemispheres, are questions sur- 
rounded with difficulty, and which, up to the present, cannot be 
answered with any degree of certainty. The experimental evidence 
hitherto broughf forward on the subject seems, in many points, to be 
contradictory, a fact which may be explained partly by the difficulties 
with which such experiments are beset, and partly by different 
observers being anxious to uphold with too great fervour either the 
localization or non-localization theory in their entirety. 


i] 
LOCALIZATION OF THE CEREBRAL FUNCTIONS, §43 


The leading experimental experiences which have been recorded 
are the following :— 

1. Extensive tracts of the cortex of the hemispheres may be re- 
moved, by accident or experiment, without interfering with the 
cerebral functions in any marked or tangible way. Both mer and 
animals have lived for years, after the loss of a considerable quantity 
of brain substance, without showing impairment of either mental or 
bodily faculties. 

2. Lesion of a certain part of the fronta] lobe of the left hemi- 
sphere of man (posterior part of the third frontal convolution) has 
been so frequently followed by the loss of the faculty of spesch— 
aphasia—that pathologists now call that spot the centre of speech. 

3. Destruction of the convolutions around and in the neigh- 
Dbourhood of the fissure of Rolando gives rise to temporary loss of 
power in the limbs of the other side, voluntary motion being 
abolished when an extensive area is destroyed. This loss of power is 
more obvious in animals with complex brains (man and monkey) 
than in those less highly organised (dog, cat, rabbit), which rapidly 
recover. 

4, Destruction of the surface of the posterior lobes interferes with 
the reception of visual impressions, and if an area, including the 
angular gyri and all the posterior lobes be destroyed, the animal 
remains blind. 

5, Extensive areas of the brain surface may be stimulated me< 
chanically, chemically, or electrically, without the least response being 
shown by the animal, to indicate either sensory or motor excitations. 

6. Stimulation of the convolutions around the fissure of Rolando, 
however, gives rise to definite co-ordinated movements of muscles of 
the other side of the body. + Indeed, local groups of muscles respond 
with surpyising constancy to the electric stimulation of certain 
definite parts of the cortex. These convolutions have thus been 
mapped out into motor centres for hind limb, fore limb, face, &c. 

From this we are tempted to conclude (1) that the cortex of the 
posterior region of the hemispheres is related to the reception of 
some sensory impressions ; (2) that the superior and lateral part 
in the neighbourhood of the fissure of Rolando is related to the 
discharge of voluntary motor impulses; and (3) that the anterior 
lobes are not immediately subservient to either the sunsory or motor 
functions of the hemispheres, though the centre presiding over the 
faculty of speech is placed in this part on the left side. 

As an objection to the soundness of these conclusions, the 
remarkable and undoubted fact has been urged, that no matter how 
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thorough is the destruction of the centres, the function returns after 
the lapse of a variable interval. In some instances theloss of function 
only remains for a few hours after the operation; in other cases 
(those in which the injury is extensive and deep, and the animal 
belongs to a class with high mental organization) the recovery is slow 
and may extend over several weeks and months.. In man and 
monkeys the function may be lost for ever, and the nerve channels, 
which formerly carried the impulses to or from the injured centre, 
become degenerated. 

From some of the foregoing facts—viz., the constant and regular 
response of certain groups of muscles to the stimulation of certain 
local spota of the brain surface, and the temporary destruction of the 
funetions of some organ when a certain point is injured—it seems 
definitely fixed that certain local parts of the brain surface are in 
more immediate connection with certain peripheral organs than are 
others, and that these local areas have been in the habit of receiving 
(in the case of the visual impulses coming to the angular gyri) or 
sending out (in the case of motor impulses starting from the motor 
centres) impulses of a special and definite kind. 

From the other facts mentioned—viz., the recovery of function after 
injury, or the complete absence of functional lesion—we must con- 
clude that these local areas are by no means the only agents which 
can carry on the business of receiving for the mind impulses from the 
periphery, and sending out voluntary impulses to the muscles ; but 
that rather there are many groups of nerve-cells, in relation with the 
nearest sub-agents—the basal ganglia—which can take on the duty 
of the injured cells, and act as cortical ceritres, receiving sensory, and 
discharging motor impulses. In respect of this capability ef one 
part of the cerebral cortex to carry on the duties ordinarily allocated 
to another, we have a complete analogy in the grey part of the 
spinal cord. Partial section of the grey part of the spinal cord 
(even if it be cut at two or three different levels) docs not destroy 
the sensation of any local area of skin, showing that the delicate felt- 
svork of nerve fibrils in the grey substance can conduct the impulses 
in many directions, so that even when a considerable number of the 
ordinary routes are blocked by section of fibrils and destruction of 
the cells at the part cut, the neighbouring channels can carry on the 
work, eo that after a little time the sensory impulses are carried from 
all parts ot the skin to the brain without delay. 

It has already’ been pointed out that the function of any given 
nerve fibre depends on the function of its terminals. The fibre 
itself is merely a conducting agent. In somewhat the same way the 
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functions of any given nerve-cell must depend on the number and 
character of its connections. If it be attached to a motorial end- 
plate in a muscle, it can only be an exciter of impulses that give rise 
to motion ; if it be connected only with a sensory terminal, it can 
only be a receiver of sensory impulses. But, in the grey matter of 
the spinal cord, and still more so in that of the cerebral cortex, we 
may assume that all the cells are in more or less intimate connec- 
tion with innumerable other cells. In fact, we must imagine that 
the whole of the grey matter of both cord gnd brain is interwoven 
into a complex felt-work of fibrils and cells, which in no part are 
isolated from the rest, but that all the elements form a continuous 
system. 


CHAPTER XXXVII. 


c REPRODUCTION. 
Oriain oF Malte AND FEMALE GENERATIVE ELEMENTS. 


OnE of the chief characteristics of a living being is the power it 
possesses of reproducing itself; that is to say, organisms can, under 
favourable conditions, form out of themselves other living bodies with 
similar lives and habits. 

In the lowest forms of animal life this propagation of species may 
take place by the division of a single cell ; thus an amceba repro- 
duces its like by the cleavage of its mass of protoplasm, which sepa- 
rates the main body into two amm@be. In such a case the method of 
reproduction is purely asexual, the amovba containing within itself 
the power of forming other amobee without help from other in- 
dividuals. 

As we ascend the animal scale, we find that just as other functions 
are allotted to certain groups of cells, specially differentiated for the 
purpose, so the function of reproduction is performed by certain 
specially modified collections of cells, Further, we find the fact that 
the production of a new being requires the co-operation of two kinds 
of generative elements, each of which is commonly produced by a 
different reproductive organ. These reproductive organs ™ the 
higher animals are placed in different individuals of‘ the same 
species. This divides most organisms into male and female sexes, 
and is hence termed the sexual method of reproduction. 

The sexual method of reproduction is met with in all the more 
highly developed forms of animal and vegetable life. “The male 
organ produces active elements—the spermatozoa; the female organ 
produces the ovwm, which, when fertilised by the spermatozoa, 
develops into the embryo. . 

In mammalia the uterus is the most important of the subsidiary 
organs, as it is modified for the development and growth of the 
embryo: its function, however, can be performed by other organs, 
as is scen in cases of extra-uterine foetation, when the ovum de- 
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velops in some unusual situation, such as in the Fallopian tube, or 
in the abdominal cavity. 

The spermatozoa are formed by the cells lining the tubuli semini- 
feri of the testicle. These cells are cubical masses of protoplasm, 
which undergo rapid proliferation. The nuclei divide, and fyom 
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Fig. 246.—Section of the tubuli semuniferi of a rat. (Schiifer.) 


a, Tubuli in which the spermatozoa are not fully developed. 
b, Spermatozoa more developed. c, Spermatozoa fully developed. 


each part resulting from this division arises the head of a sperma- 
tozoon, and the body is developed from the protoplasm of the cell. 
The spermatic elements escape into the tubes, and pass down the 
vasa deferentia into the vesicule seminales, where they either 
undergo a retrograde change or are cast out of the body. 

The ovum arises from the differentiation of one of the cells of the 
germ-epithelium covering the surface of the ovary. <A group of 
these cells entering the periphery of the ovary, becomes there em- 
bedded in a kind of capsule derived from the surrounding areolar 
tissue of the stroma, and forms an immature Graafian follicle. One 
of the cells grows rapidly to become the ovum, the ré@st increase in 
number to form the small cells of the granular tunic. As the follicle 
develops, it works ite way towards the centra of the ovary, and then 
approaches the periphery of the organ a3 a fully-develope| Graaflan 
follicle. 

NN 2 
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Microscopically, it is seen to be surrounded externally by a cap- 
sule—the tunica filbrosa, which is ill-defined from the stroma of the 
ovary in which it lies. Beneath this is a layer of capillary blood- 
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Fig. 247,—Section of the ovary of a cat, showing the omgin and the d«velopment of 
Graafian follicles. (Cadiat ) 


a. Germ-Epithelium. é Ovum. 

é. Graafign follicle partly developed. J. Vitelline membrane. 

c. Earhest f of Graafian follicle. g Vems 

ad. Well d Graafian folhcle. h, ». Small vessels cut across. 


vessels, the turica vascudosa, and to these two coate collectively the 
term tunica propria is applied. 
Inside the tunica propria are granular cells of small size, which 
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occupy a considerable space in the follicle; they are heaped up at 
one spot to receive the ovum, which Jies embedded in their midst. 
These cells receive the name of the tunica granulosa, and their pro- 
jecting portion, which encircles the ovum, is called the discus pro- 
ligerus. Filling up the remainder of the follicle is a fluidz-the 
liquor folliculi. The surface of the ovary is covered by columnar 
cells, which are continuous with the endothelial cells of the peri- 
toneum. When the follicle is fully matured, it lies at the peripbsry 
of the ovary beneath this layer of cells, whigh separates it from the 
abdominal cavity. 


MENSTRUATION AND OVULATION. 


After puberty, at intervals averaging about four weeks, the genital 
organs of the female become convested, and at the same time a 
Graafian follicle is ruptured and its contained ovum set free. COo- 
incidently with the rupture of the follicle, the fimbriated extre- 
mity of the Fallopian tube becomes closely approximated to the 
spot where the follicle lies, so that the ovum instead of falling into 
the abdominal cavity, passes into the canal of the Fallopian tube, 
down which it is conveyed to the uterus. 

The usual place for the ovum to mect the spermatozoa, and to be 
impregnated, is the Fallopian tube. 

When the ovum reaches the uterus, if it be unimpregnated, it is 
cast out with the surface cells of the mucous membrane of the uterus, 
which are destroyed, and escape along with a sanious fluid. The 
whole of these phenoniena constitute a menstrual act. 

If, aowever, the ovum become impregnated, it remains in the 
Fallopian tubes some days, during which time the mucous membrane 
of the uterys becomes so hypertrophied and developed as to retain 
the ovum when it reaches that organ. 

The human ovum is a cell consisting of a mass of protoplasm 
enclosing a nucleus and a nucleolus, and surrounded by a cell-wall. 
On its outer surface is an irregular layer of cells, the remains of that 
part of the tunica granulosa which encircled the ovum in the Graafian 
follicle, The cell-wall of the ovum is called the witelline membrane 
or zona pellucida, and the mass of granular protoplasm it encircles, 
the vitellus or yolk, and in this is a nucleus—the gernvnal vesicle, 
which contains a nucleolus—the germinal spot. 

Beneath the outer covering of calcareoys material of the hen’s 
egg there is a white membrane, which encloses a transparent albu- 
minous substance known as the white of egg. Inside this is a 


5S MANUAL OF PHYSIOLOGY, 


yellow fiuid masa, the yolk, which is surrounded by a delicate 
membrane, the vitelline membrane, The yolk is made up of two 
varieties of material of different shades of colour, the white and 
the yellow yolk. Of these the yellow forms the greater part, the 
white being arranged in thin layers, which separate the yellow yolk 
into strata, In the centre of the yolk it forms a flask-shaped 
mass, With its neck turned to 
the upper surface, upon which 
a portion of the yolk called 
the cicatricula rests. This ci- 
catricula, which lies between 
the vitelline membrane and 
the white yolk, is the active 
growing part of the egg, and 
out of it is developed the 
chick and the embryonic 
membranes, 

Extending through the al- 
bumin from the vitelline 
membrane to the ends of the 
egg are two twisted mem- 





Fig. 248.—Ovum, (Robin.) 


Zona iy it i : 
3. Yolk. pellucida or vitelline membrane. tyranous corda—the chalaze, 


: — ear or selene. which fix and protect the 

; or nucleolus. . ! 

e. Interval left by the retraction of the delicate yolk from shocks, 
vitellus from the zona pellucida, but allow it to rotate, so that 


the cicatricula is always the 
uppermost part of the yolk when the egg is on its side, 

The main structural differences between the human ovum axd that 
of a fowl are apparent from the above description : the essentjal pe- 
culiarity of the development of the hen’s eyg is that only a portion of 
the yolk is engaged in the formation of the first signs of the chick 
and its membranes, by far the greater part of the egg both yolk and 
albumin being utilised in supplying the nourishment during the 
subsequent stages of development. 

After the egg has been laid, it obtains no help from the outside 
world, except the oxygen of the air and the heat of the mother’s 
body ; it is, as it were, fenced in with a protecting membrane, garri- 
soned with thé quantity of provisions required, and by the warmth 
of the hen’s body stimulated to growth and activity. 

The whole of the humgn ovum, on the other hand, undergoes seg- 
mentation and differentiation in the primary formation of the embryo, 
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which subsequently is supplied with the necessary nourishment 
from the maternal circulation. The life and growth of the human 





Fig, 249.—Diagram of a scction of an unimpregnated fowl’s egg. (From Foster and 
Balfour, after Allen Thomson.) 


vi. Blastoderm or cicatricula. s. Shell. 

w.y. White yolk. ach Air space. 

yy. Yellow yolk. «, The white of the egg. 

ch.l. Chalaza. et. Vitelline membrane. 

i.8.m. Inner layer of shell membrane. x The denser albuminous layer which 
8. Outer layer of shell membrane. les next to the vitelline membrane. 


embsyo, in fact, depends entirely upon supplies from the mother, 
the ovum sot having within itself any store of nutrient material. 


CHANGES IN THE Ovum SuBSEQUENT TO IMPREGNATION. 


The fif®6 changes in the ovum independent of impregnation 
consist in the shrinking of the yolk from the vitelline membrane, 
and the extrusion from it of certain granular bodies which lie 
between it and the vitelline membrane, and are galled the polar 
globules. The germinal spot and germinal vesicle also disappear, 
and are thought, by some observers, to form these polar globules. 
After the union of the male and female elements, a new nucleus 
appears in the vitellus which forms what is called the segmentation 
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sphere. This divides at first into two segments, then into four, 
eight, sixteen, and so on, until a large mass of cells occupies the 
yolk. To this condition the name of morula is given, from its sup- 
posed likeness to a mulberry. Fluid now collects among the cells, 





Fig, 250.—Sections of the ovum of a rabbit showing the turmution of the blasto- 
dermic vesicle. (E. Van Beneden.) 


a, B, ¢, d, are ova in successive stages of development. zp, Zon# pellucida. 
ect, Ectomeres, or outer cells. ent. Entomeres, or inner cells. 


and separates some of them from the others, and the cells arrange 
themselves into an outer layer and an inner layer, consisting of 
different kinds of cells. The inner cells finally become aggregated 
at one part of the ovum ¢n contact with the outer cells, The ovum 
now receives the name of the dlastodermic vesicle. 


FORMATION OF THE LAYERS OF THE BLASTODERM, %53 


In the hen’s egg the cleavage is confined to the cicatricula or 
blastoderm, and does not include the rest of the yolk. Such an 
ovum, from the fact that the cleavage of the yolk is only partial, 
receives the name of merodlastic. The human ovum, which under- 
goes complete segmentation, is called a holoblastic ovum. 

The cells in the blastodermic vesicle become arranged into “three 
definite layers, which are called respectively, from their position in 
the blastoderm, the epiblast, the mesoblast, and the hypoblast. 

From these layers are developed the embryo and the membranes 
surrounding it, each layer being developed into certain tissues and 
forming these only. 

Thus from the epiblast, or outer layer, arise the epidermis of the 
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Fig. 251.—Transverse section of the medullary groove, and half the blastoderm of a 
chick of eighteen hours. (Foster and Balfour.) 





A. Epiblast. mf. Medullary fold. 
B. Mesoblast, mc. Medullary groove. 
«, Hypoblast. ch. Notochord. 


skin, the brain and spinal” cord, and certain parts of the organs ot 
special sense; whilst it also aids in the formation of the chorion and 
the gmnion. From the mesoblast are developed the skeleton, the 
connective tissues, the muscles, the nerves, in addition to the vascular 
system and the supporting tissue of the glands; one kind of tessel- 
lated cells arise from this layer, viz., the endothelium, forming 
the surface of all serous membranes, ‘From the hypoblast springs 
the epithelial lining of the alimentary canal, of the glands which 
are diverticula from it, and of the lungs; it also forms the lining 
membrane of the allantois and yolk sac. 

The blastoderm of the hen’s ovum, which is comparatively easily 
studied, consists of a small clear central portion, walled the area 
pellucida, from which the body of the chick arises. Surrounding the 
area pellucida is a much larger zone, which appears less transparent ; 
this, the area opaca, is devoted to the formation of the membranes. 


55” MANUAL OF PHYSIOLOGY. 


The embryo is developed from the rest of the blastoderm in the 
following manner. At the front of the area pellucida a fold, or 
dipping in of the blastoderm takes place ; this consists of a project- 
ing part or fold above and a groove below, and constitutes what is 
known as the cephalic or head fold. The upper projecting portion 
of the fold tends to grow forwards, whilst the groove grows 
gradually backwards. Later on, another fold appears at the posterior 
part of the area pellucida, this is the tail fold. At the sides of the 








Fig. 252.—Diagrammatic longitudinal section through the axis of an embryo chick 
(Foster and Balfour.) 


N.C. Neural canal, iit. Heart. 


Ch. Notochord. pp. Pleuroperitoneal cavity. 
D. Foregut. Am. Amniotic fold. 
F.8o. Somatopleure. A. Epiblast. 
I.8p. Splanchnopleure. B. Mesoblast, 
Sp. Splanchnopleure forming the (. Hypoblast. 
lower wall of the foregut. t 


area pellucida folds appear, which tend to grow downwards and in- 
wards so as to reach the under surface of the blastoderm and ‘unite 
with the head and tail folds. 5 

By the approximation of all these folds a canal is formed—the 
embryonal sac—which is closed above by the main portion of the 
area pellucida, in front by the head fold, behind by the tail fold, at 
the sides by the lateral folds, whilst below it is open to the vitellus. 
This canal ultimately becomes subdivided into an inner tube, the 
alimentary tract, and an outer one, which forms the body walls, the 
final place of ynion of the folds being marked by the umbilicus, It 
must be clearly understoud that these primary folds which form the 
embryo include in their layers the epiblast, the whole thickness of 
the mesoblast, and the Mypoblast, whereas the folds giving rise to 
the membranes do not comprehend all these layers. 


DEVELOPMENT OF THE MEMBRANES, DSS 


ForMATION OF THE MEMBRANES. 

Q) The Amnion.—The mesoblast around the embryo becomes 
thickened, and is split into two distinct layers; this cleavage is at 
first confined to the neighbourhood of the embryo, but gradually 
spreads over the whole blastoderm. 








af . 
‘ B 
‘ 
‘ 
meeednen,! 
7 had 
t 
: 
é 
( 
4 
VE ane 
° Pe : 
af “fl OS at f 
/ -} 
; { ahs ‘) i 
abt hb 
A cae 
ae ( rece 
i 
@ ee eri 


Hig. 258 and the following two woodcuts are diagrammatic views of sections, 
through the developing ovum, showing the formation of the membranes of the 
bird's chick, (Foster and Balfour.) 


A, B, C, D, E, and F are vertical sections in the long axis of the embryo 
at different periods, showing the stages of development of the amnion and of the 


“82.0, 
I., I1., IM., and IV. are transverse sections at about the same stages of 
developmgnt. 


i, Poses and iii. give only the posterior ahh of tho longitudinal section, to show 


three stages in the formation of the allantois. 
e. Embryo. vt. Vitelline membrane. 
y. Yolk. af. Amniotic fold. 
pp. Pleuroperitoneal fissure. al. allantois. > 


The upper of these two layers of the blastoderm receives the name 
of the somatopleure, and is engaged in the formation of the body 
walle of the embryo and the amnion. The lower one is called the 
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wre, and forms the walls of the alimentary canal, the 
allantois, and the yolk-sac. The space intervening between these 
layers is called the pleuroperitoneal cavity. Ata point in front of 
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e. Embryo. af. Amniotic fold. 
a. Amnion. ac. Amniotic cavity. 

d¢’, Alimentary canal. y. Yolk. 

vt. Vitelline membrane. al. Allantois. 


the cephalic fold, an upward projection of somatopleure takes place, 
conveying with it the overlying epiblast. Along the sides of the 
embryo and behind the caudal fold, projections of the somato- 
pleural mesoblast and epiblast also occur. Thus folds are developed, 
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consisting of somatopleural mesoblast and of epiblast, which tend 
to grow upwards and meet over the back of the embryo. These 
folds are the amniotic folds, and each of them presents two sur- 
faces, one looking towards the embryo and the other towards the 
vitelline membrane. As they meet over the back of the embayo 
the folds become fused, the membranes looking towards the embryo 
joining to form the amnion proper, whilst those next the vitelline 
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Fig. 254.—Désgrammatic sections of an embryo, showing the destiny of the yolk-aac, ys. 


vt, Vitelline membrane, pp, Pleuroperitoneal cavity. ac, Cavity of the amnion. 
a, Amnion. a’, Alimentary canal, ys. Yolk~sac. 


membrane unite to form the fulse amnion, which, separating from 
the amnion proper, retires towards the vitelline membrane, with 
which it unites to form the primitive chorion. 

The true amnion then is a sac formed of an outer layer derived 
from the mesoblast and an inner layer derived ffdm the epiblast, 
The false amnion likewise consists of mesoblast and epiblast, but 
here the epiblast is external. The true amnion is continuous with 
the skin of the embryo, and when the fetus is mature, the con- 
nection may be traced by the umbilical cord, around which it 
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forms a aheath to be continuous with the skin at the umbilicus, This 
membranous sac enlarges, and in mammalia eventually becomes the 
large bag of liquid which contains the fetus. The amniotic liquid 
is of low specific gravity, consisting mainly of water containing traces 
of nitrogenous matter, and also phosphates and chlorides. 





Fig. 255.—Diagrammatic longitudinal section of a chick on the fourth day. (Allen 


Thomson.) 
ep, Epiblast. a, Position of the future anus. 
hy, Hypoblast. h, Heart. 
sm, Somatopleure. i, Intestine. 
vm. Splanchnopleure. vt. Vitelline duct, 
af. pf, Folds of the amnion. ys, Yolk. 
pp, Pleuroperitoneal cavity. 8, Foregut. 
am, Cavity of amnion. m, Position of the mouth. 
al, Allantois. me, The mesentery. 
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It contains albumin and some other nitrogenous constituents, and 
a minute quantity of urea, which is thought to be derived from the 
fostal kidneys. 

This fluid preserves the child from the effects of any jults or jars 
caused by the movements of the mother, and similarly protects 
the uterus of the mother by acting as a buffer between the fetus 
and the uterine wall. Before delivery it helps to dilate the os 
uteri, 90 that when the amnion is ruptured the head of ine foetus 
oceupies the opening which has been gradually made by the fluid 
wedge. The outer part of the amniotic membrane, derived from 
the mesoblast, is of a tougher character than the inner epithelial 
layer, and it is said to possess muscular fibre and to be capable of 
rhythmical contractions. 

(2) The Yolk Sac is that part of the blastoderm which grows and 
envelops the yolk, which previously was only surrounded by the 
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yvitelline membrane. After the mesoblast has split into two layers, 
the splanchnopleure becomes bent inwards at a point some distance 
from ite origin, carrying with it the hypoblest. By this curve an 
upper constricted canal is differentiated from the large lower cavity. 
This upper canal becomes eventually the alimentary tract, the 
lower cavity the yolk-sac, whilst the constricted portion lefding 
‘rom the one to the other is the canal leading from the intestine to 
the yolk, called the ductus vitello-intestinalis. 

At first the splanchnopleure encloses only the upper part of the 
yolk, but as development proceeds it grows afound, and at last com- 
pletely encircles it. The yolk-sac is thus derived from the splanch- 
nopleural layer of the mesoblast, and its lining hypoblast. 

The yolk is continually used up for the nutrition of the embryo, 
and its covering shrinks in size, becoming smaller with the growth 
of the fotus, until eventually it forms but a shrivelled protrusion 
from the intestine, lying in the umbilical cord. 

The importance of the yolk-sac differs largely in mammalia and 
birds, In man it is not highly developed, as its place is early 
supplied by the placenta. In birds, however, it develops to a much 
higher degree, being the seat of a special circulation, which car- 
Ties nourishment from the yolk to the chick, The vessels are 
developed in the mesoblastic portion of the membrane, and are 
called the omphaio-mesenteric vessels, which convey blood to and from 
the primitive heart. 

(3.) The allantois, or urinary vesicle, in the chick is of import- 
ance, as the vessels developed in it are used for respiratory pur- 
poses, being spread out beneath the porous shell, In the mamma- 
lian embryo it is still more important, as it is the seat of the 
circulation, which performs the chief function of the foetal placenta. 
The allantois arises at the tail of the embryo, as a budding out- 
wards of #*portion of the splanchnopleure forming the wall of the 
primitive intestine. It is lined by hypoblast, and projects into the 
pleuro-peritoneal cavity. As it grows away from the embryo it ex- 
tends between the layers of the true and false amnion and approaches 
towards tie vitelline membrane, but remains connected to the in- 
testine by a narrow tube. When it reaches the periphery of the 
ovum, if spreads over the chorion as a complete lining, and sends 
processes into the villi of that organ. It becomes chiefly developed, 
however, at that part of the chorion which is opposite the decidua 
serotuna of the mother. In the mesoblastic layer of the allantois 
blood-veseels arise which are connected with large trunks, proceeding 
from the primitive aorte, called the umbilical arteries ; these 
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will, however, be further described when treating of the fostal 
placenta. 

As the fostus becomes developed, the part of the allantois in con- 
nection with the body becomes gradually obliterated. A part of it 
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Fig. 256.—Diagram of an embryo, showing the relationship of the vascular allantois to 
the villi of the chorion, ‘(Cadiat.) 


a, Lies in cavity of the amnion under the embryo. 0, Yolk-sac. ¢, Allantois. 
d, Vessels of the Allantois dipping into the villi of the chorion. ¢, Choridh. 


remains as the urinary bladder, and the rest forms a fbrous cord, 
which runs from the apex of the bladder to the umbilicus, and is 
known as the urachus. 

(4) The Chorion is the external covering of the ovum. At first it 
consists simply of the zona pellucida or vitelline meniurane, and 
then it is called the primitive chorion. Later, however, it is sup- 
plemented by the part of the somatopleure removed from the em- 
bryo in the precess of forming the amnion. This blends with the 
primitive chorion and strengthens it, and while lying beneath the 
vona, pellucida, receives the name of the subzonal membrane. 
The chorion at first is a smooth membrane, but villous processes 
early grow out from it. These villi are chiefly developed at 
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its upper part, where they aid in the formation of the fotal 
placenta, 

The allantois, when it has spread over the chorion, becomes 
blended with this membrane, and fills the villous processes with the 


blood-vessels it contains. 
@ 


THE PLACENTA. 


The placenta is a most important organ to the mammalian erfbryo. 
It conveys not only nourishment but also ox$gen from the maternal 
blood to that of the foctus. It is, of course, necessary that the 
animals whose ova do not contain large stores of food, should in 
some way provide the substances necessary for the life of their em- 
bryo, and it is by means of the placenta that this is brought about. 
The embryo of oviparous animals does not require a placenta for 
its nutrition, since inside the evg is alarge store of highly nutritious 
albuminous and fatty materials ; the shell is pervious to air, and 
the chick’s blood can in the allantois be oxydised by the air directly. 
A bird’s egg contains in itself all the necessaries which the placenta 
supplies, and when impregnated only requires the heat of the mother's 
body to develop a chick. 

While an ovum is descending the Fallopian tube, the mucous mem- 
brané of the uterus becomes turgid, and, as before mentioned, if the 
ovum be unimpregnated it is cast out of the body, part of the sub- 
stance of the lininy membrane of the uterus is desquamated and 
discharged with a fluid largely composed of blood. This takes place 
approximately every four feeks, and hence is called menstruation. 
If, hgwever, the ovum be impregnated the mucous membrane of 
the uterus not only becomes turgid, but its cells proliferate, and 
consitlerable thickening of the tissue takes place. The mucous 
membrane“is then called the decidua. When the ovum reaches 
the uterus it ordinarily becomes embedded in that part of the 
decidua which occupies the fundus of the uterus. The decidua 
here grows excessively, and becomes much thickened, and on either 
side of th® ovum a projection is sent from the decidua which meeta 
below the ovum, and completely encircles it. 

To the membrane lining the general cavity of the uterus the name 
decidua vera is given, whilst that part lining the fundus, to which 
the ovum is attached, is called the decidua serotina, its processes 
surrounding the ovum receiving the name of the decidua reflexa. 

The placenta is developed from two sources, one arising from 
the membranes of the footus, and the other belonging to the mother, 
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Fig. wie ~—Beries of nods © sviakousip of the decidua to the 
at different periods e fendts a are S colnared b lack, and the ovum is shaded. 
transversely. Inéand 5 the vascular processes of the chorion are figured ( 


1, entering the congestéd mucous membrane of the fundus—decidua serotina. 
2. Decidua refiexa gro round the ovum. 

8. Oompletion of the po repr ad a 

4. General growth of villi of the chori 

5. Special growth of yilli at placental ‘attachment, and atrophy of the rest. 
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Relation- of the foetal to maternal placente.—The maternal part 
is formed. from the decidua serotina, which becomes much thickened 
and yery vascular where the placenta is attached. The fretal 
placenta is derived from the chorion, which sends out a num- 
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Fig. 258.—Antero posterior section through a gravid uterus and ovum of five weeks 
({semi-diagrammatic), (Allen Thomson.) 


a, Anterigr wall of uterus. r, Decidua reflexa. 

p. Posterior wall of uterus, v. Decidua vera, 

m. Muscle substance. ch. Chorion. 

y. Glandular layer. uu. Uterine cavity. 

6s. Decidua serotina, c. Cavity of the cervix. 


ber of finger-like processes, which sub-divide, and into which 

the allantois, as it spreads over the cRorion, sends prolonga- 

tions. The mesoblastic layer of the allantois gives rise to the 
002 
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capillaries which are in these processes. The capillaries spring 
from the branches of the umbilical arteries which pass along the 
umbilical cord to reach the chorion. The vessels of the decidua 
serotina or maternal placenta end in large sinuses, lined by en- 
dotheljal cells. The blood is carried to these sinuses by the uterine 
arteries, and from them by the uterine veins, The walls of the 
sinuses are provided with unstriped muscular tissue, which can close 
the irlets from the arteries, and thus shut out the blood. The 
villi of the fatal placepta, dipping into these uterine sinuses, are 
covered with a single layer of thin scaly cells, so that the fotal 
blood. is only separated from the maternal by the walls of the 
capillaries and these thin cells, and thus the interchange of nutrient 
materials and gas readily go on between them ; it is very similar 
to the conditions of the lung alveoli, where the blood is separated 
from the sir with which it interchanges gases by the cells of the 
capillary wall and of the lung alveolus. 

Though the capillaries of the fotus arc in such close relation 
to the blood of the mother, it must be distinctly understood that 
there is no direct communication between the vessels of the fotus 
and those of the mother, and therefore it is not possible to inject 
the vessela of the mother through those of the fotus, or vice 
vers. 

The nutrient materials from the maternal blood together with 
oxygen diffuse through the walls of the fetal capillaries, the 
effete matter, on the other hand, passing from the capillaries to the 
blood in the veins which surrounds and ,bathes these vessels. The 
placenta increases with the growth of the foctus till shortly before 
birth, when it is said to undergo a certain amount of degenera- 
tion. It ix cast out of the uterus after the expulsion of the footus 
with the membranes attached to it. It is, however, only,the super- 
figial layer of the maternal placenta (which is intimately connected 
with the foetal placenta) that is cast off, the deeper layer remaining 
in the uterus, and undergoing various changes during the reduction 
of this organ to its normal size. 

After ligature of the umbilical cord, the intimate relationships 
of the maternal and foetal circulations cease, and it is thought that 
this causes the inlets of the uterine sinuses to contract, so that 
when the placehta separates from the uterine walls, the arterioles 
leading} to the sinuses are contracted and possibly occluded with 
elota, The uterine blood current is thus prevented from escaping 
into the uterine cavity after parturition, and causing profuse 
hemorrhage. 
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The uses of the placenta may be briefly summed up as— 
(1) Alimentary, os it supplies the place of the alimentary 
canal 


(2) Respiratory, aa it performs the function of the lungs, 
(3) Kxcretory, as it does duty for the kidneys and some other 
excretory organs. : 


CHAPTER XXXVIIL. 
.. DEVELOPMENT OF THE SPECIAL SYSTEMS. 


DEVELOPMENT OF THE VERTEBRAL AXIS. 


THE earliest evidence of the differentiation of the blastoderm 
consists in the appearance of the primitive streak which forms the 





Fig. 259.—View of the area pellucida of a chick 
of eighteen hours seen from above. (Foster 
and Balfour.) 

A, Medullaryefolds. 
anc. Medullary groove. 
pr. Primitive streak and groove. 


first sign of the embryo. 
This is a line which ap- 
pears near what is to be 
the tail end of the embryo, 
and runs forwards. This 
primitive line or streak 
is due to the thickening 
of the mesoblast, and it 
becomes converted into a 
groove by a depression 
appearing in its centre, 
forming the primitire 
groove. This extends in 
s forward direction, but 
never reaches the head 
told of the embryo, which, 
in the chick, appears a 
few hours afte” the for- 
mation of the primitive 
groove. 

In front of the primitive 
groove, and  sfretching 
backwards to overlap it at 
the sides, arise two folds 
of the epiblast, called the 
lamins dorsales or the 
medullary folds, 


These are elevations of ‘the epiblast, beneath which the meso- 
blast is thickened. They arise in front, where they are joined 
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immediately behind the head fold, whilst posteriorly they diverge, and 
passing on either side of the primitive groove, gradually become lost. 





suf 


@ 
Fig. 260.—Transverse section of the embryo of a chick at the end of the first day. 
(Kulliker.) 
sp. Mesoblast, Pv, Medullary groove. Pf. Medul lary fold, 
d.d, Hypoblast. ch. Chorda dorsalis. 
m, Medullary plate. uwp. Proto-vertebral plate. 
h. Epiblast. uwh, Division of mesoblast. 


Between the two folds is a furrow lined by epiblast, which is called 
the medullary groove. 

The medullary folds growing upwards, turn in towards one another, 
and eventually coalesce at their line of meeting, converting the 





Fig. 261.—Transverse section of an embryo of a chick at the latter end of the sét¢ond 
day. (Kolliker.) 


rw. Medullary fold. dd. Hypoblast. 

rf. Medullary groove. p. Pleuroperitoneal cavity. 

h. Epiblast. sp. External plate of mesoblast dividing. 
ae. Merta. wp. Proto-vertebral plate. 


medullary groove into a channel—the medullary canal; this union 
of the folds takes place from before backwards. 

The medullary canal thus formed lies in the axis of the embryo 
on the uncleft mesoblast; it is covered in superficially by several 
layers of epiblastic cells, which also line its walls, The canal is® 
the earliest representative of the nervous centres, and eventually 
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beoomes the brain and spinal cord. The front part of the canal, 
when completely closed in, becomes dilated into a bulb, thus 
forming the earliest indication of the brain. The hind part of the 
medullary groove remains unclosed considerably later than the fore 
part. It, however, gradually becomes converted into a canal at the 
tail ed, and as it extends backwards it obliterates the primitive 





eh bee ow oe me Py 
Fig. 262,—Transveree section through the embryo of a chick on the second day where 
the medullary canal is closed. (Kolliker.) 


mr. Medullary canal. hpi. Somatopleure. 

&. Epiblast df. Splanchnopleure. 

wh, Cavity of protovertebra uw. sp. Pleuroperitoneal cavity. 
ung. Wolffian duct. dd. Hypoblast. 

mp. Mesoblast dividing into ch. Notochord. 


streak and groove, which are lost, and take no permanent part in 
the formation of the embryo. 

Beneath the medullary canal the cells of the mesoblast are altered 
to form a rod-shaped cellular body, which following the line of the 
canal lies in the axis of the embryo; this is the chorda dorsalis or 
notochord, 

Supporting the medullary canal on either side of the chorda dor- 
salis ara masses of mesoblast, somewhat quadrangular in section, 
which are termed the vertebral plates ; continuous with these externally 
are other thinner masses of mesoblast called the lateral plates. 

The lateral plates become divided into an upper part or somato- 
pleure, which is in close relationship to the epiblast, and a lower 
part, the splanchnopleure, which is next to the hypoblast ; the space 
between these being the pleuroperitoneal cavity. The vertebral plates 
become separated from the lateral plates by a longitudinal partition, 
so thet on either side of the neural canal is a mass of undivided 
‘mesoblast extending laterally towards the divided mesoblast. 

In each vertebral plate there appear transverse vertical inter- 
ruptions at definite intervals which split the plate up into a number 
of quadrangular blocks of mesoblast, known as the protovertebre ; 
the number of these corresponds to the number of vertebra of 
the animal. 
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These protovertebree become subdivided by transverse fissures into 
external parts, the muscle plates, which form eventually the dorsal 
and other museles, and internal parts which become the permanent 
vertebree. 

From these inner portions processes of mesoblast grow upwards 
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Fig. 263.—Embryo chick at the Fig. 264,—Division of the vert»bral 
end of the second day seen column of a chick, (Killiker 
from below. (Kolliker). after Remak.) 

Vk. Fottbrain. 1. Notochord. 
Ab, Optic eee gee 2. Points of separation of the 
Ch. Notochord, original protovertebrie. 
iT, Heart. 8. Points of acta of the per- 
manent vertebra. 
6 cae 4, Arches of the vertebres, 
Vd. Lower openin 5. Spinal ganglha. 
sate lag = «, Body of first cervical vertebra. 


d. One of the lower vertebrie. 


over the medullary canal to meet with processes from the proto- 
vertebras of the opposite side. Mesoblustic tissue also grows in- 
wards between the medullary canal and the notochord, and between 
the notochord and the subjacent hypoblast. 


- These projections beneath the notochord meet with projections from 
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Fig. 265.—Transverse section through the dorsal region of an embryo chick of forty-five 
hours. (Fosfer and Balfour). 


A. Hpiblast. v.v. Vessels. 

Mfc. Medullary canal. a.o. Aorta. 

P.v. Proto-vertebraa. . B. Mesoblast. 

W.d. Wolffian duct. 0. Hypoblast. 

Pps siesecestigee) cavity. o.p. Line of union of opaque and pel- 
8.0. Somatopleure. lucid 


&.p. Splanchnopleure. w. of the white yolk. 
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a mass of the mesoblast, which lies between the protovertebre and 
the cleft mesoblast, which is known as the intermediate cell mass. 

The portions of the protovertebreo above the medullary canal form 
the arches of the vertebree ; from those surrounding the notochord 
the bodies of the vertebree are developed. 

The outer part of each protovertebra divides into an anterior or 
pre-axial part, from which arises the ganglion of a spinal nerve, 
and into a posterior or post-axial part. 

After this the original lines of separations between the protoverte- 
bree disappear, and the spinal column is fused into a cartilaginous 
mass. New segmentation now appears in the centre of each original 
protovertebra, midway between the primary divisions. Thus the 
vertebral column is divided into a number of component parts, each 
of which is destined to become a permanent vertebra. 

The vertebre do not then correspond to the original protover- 
tebree, but rather to the posterior half of that which lay in front of the 
primary division joined to the anterior half of the one behind. The 
ganglia of the spinal nerves, therefore, by this arrangement, instead 
of belonging to the front of the vertebra become joined to the posterior 
part of the vertebra, to which they belong. 

The notochord atrophies with ossification of the vertebre, and 
finally is represented only by a mass of soft cells in the centre of an 
intervertebral disc. 

In connection with the vertebra in the dorsal region, processes 
grow horizontally, these are the rudiments of the ribs. 


e 
¢ DEVELOPMENT OF THE CENTRAL NERVOUS SYSTEM. 
Spinal Cord. 


Soon aftét the closure of the medullary or neural canal at its 
anterior or cranial end, it is dilated in this region into three vesicles 
known as the first, second, and third cerebral vesicles, from which 
the brain is developed. The spinal cord is formed from the part of 
the meduMary canal which lies over the chorda dorsalis. The 
medullary canal is lined by columnar cells derived trom the epi- 
blast, which, shortly after they are shut off from the general epiblast, 
develop at the sides of the canal, so as to narrow the lumen of 
the tube by the increase in thickness of its sides. The upper and 
lower parts of the canal do not, however, become thickened. The 
lateral walls approximate to the centre, “decreasing laterally the 
lumen of the canal, which becomes narrow in the middle with a 
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dilatation above and below. The lateral walls of the canal, thus 
approximated, unite in their centre, and convert the medullary canal 


Ee oS 


Fig. 266.—Transverse section of the spinal column 
of the human embryo of from nine to ten 


weeks, (Kolliker.) 


dm. Dura mater. 

yp’. Columns of Goll. 
p. Posterior column. 
pr. Posterior root. 
na. Arch of vertebra. 


gy. Ganglion of a spinal nerve. 


a. Anterior column. 

ar, Anterior root. 

ch. Notochord. 

b. Body of the vertebra. 
nm. Spinal nerve. 

c. Central canal. 

e. Epithelium of canal. 





into two separate tubes, 
a dorsal and a ventral. 

The lower or ventral 
tube of the divided canal 
becomes the central canal 
of the spinal cord, and the 
columnar cells of the epi- 
blast form a lining of cili- 
ated columnar epithelium. 

The epiblast at the lower 
part of the canal becomes 
converted into the anterior 
grey columns, in connec- 
tion with which arise the 
anterior roots of the spinal 
nerves ; whilst at the 
upper part the posterior 
grey columns are formed 
in connection with the 
posterior roots of the 
spinal nerves and their 
ganglia. 

The white columns are 
thought by sume authors 
to be derived from the 
mesoblast surrounding the 
canal, but by others they 
are assigned to the epi- 
blast. 

The upper or dorsal 
canal becomes converted 
into a fissure by the ab- 
sorption of its roof, and 


is thus changed into the posterior fissure of the spinal cord. 
The anterior fissure is formed by the downgrowth of the anterior 
columns, which diverge, leaving between them an interval which 


becomes occupied by the pia mater. 


The commissures are aot formed between the lateral halves of the 
cord until later. The grey commissure appears first. 
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Vig. 267.—Transverse section of the spinal cord of a chick of seven days. (Foster and 
alfour ) 


ep. Epithehum hning the medullary canal. »/. Part of the cavity of the medullary 
canal which becomes the posterior fissure. spe. Permanent medullary tube or 
central canal of the spmal cord. «age Antenor grey commissure. af Antenor 
fiasure, not yet well formed. c. Tissue filling in the upper part of the posterior 
fissure. pc. Cells forming the posterior grey matter. pew. Posterior white column. 
«tf Mesoblast surrounding thespinal cord. Jew. Lateral white column. arw. An- 
terior white column. ac, Cells forming the anterior grey matter. 


. The Brain. 

Anterior cerebral vesicle.—As already mentioned, the brain is 
formed from the primitive neural canal, the anterior part of which 
lecomes dilated into three little swellings called the anterior, 
middle, and posterior cerebral vesicles, From the anterior, or first, 
cerebral vesicle, at an carly period spring two processes, which be- 
come thes optic vesicles. These ultimately become developed into 
the retina and other nervous parts of the eye, with the history of 
which the changes occurring in them will be described. 

The optic vesicles are displaced downwards hy two processes 
growing forwards from the anterior cerebral vesicle, which becomes 
divided into two parts, the anterior of which is subsequently de- 
veloped into the cerebral hemispheres and the olfactory lobes, while 
the hinder part receives the name of thalamencephalon. 


The cavity of the thalamencephalon opens behifhd into the cavity 
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of the middle cerebral hemisphere, and in front it communicates 
with the hollow rudiments of the cerebral hemi- 
spheres, and eventually it becomes the cavity 
of the third ventricle. The floor of the thala- 
mencephalon is ultimately developed into the 
optic chiasma and part of the optic nerves, as 
well as the infundibulum. The latter comes in 
contact with a process from the mouth, which 
is ultimately changed into the pituitary body. 
Phe anterior part of the roof of the thalamen- 
cephalon becomes very thin, and its place is 
finally occupied by a vascular plexus, which 
persists in the roof of the third ventricle (cho- 
roid plexus). The pineal gland—a peculiar 
outgrowth, of unknown function—is developed 
from the posterior part of the roof of the tha- 
fee ee lamencephalon and from its sides, which be- 


cerebral veaicles of the : 
abt fe aa at the come extremely thickened, are developed the 
secon y. (Cadiat.) . . 
1, 2,8, Cerebral vesicles, Pf thalamt. 
0, Optic veaicles. The primitive cerebral hemispheres first 
appear as two lobes growing out from the 
front of the anterior part of the first cerebral vesicle. The floor of 


these lobes thickens 10 give rise to the corpora striata, and the roof 
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Fig. 269.— am of a vertical aoe acction of the developing brain of a ver~ 


, showing the relation of the three cerebral vesicles to tie different 
of the adult brain: (Huxley.) 


O Cae lobes. F'n.” mi gery of Monro. 0s. Corpus striatum. . Optic 
| ee ds Pineal gland. M.b. Mad brain. (Cbd. Cerebelium. Mo. T Medulis 


Pin. 
c oblongata. Hyp. Central hemispheres. 7h.E. Thalamencephalo: Pitui- 
tary bod og. Corpa ra Q 0. C. Grara cerebri.- P- ye pone’ Varolii. 


uadngemina. 

Se pa a ee Se ea, UY renee 
develops into the hemispheres proper. The cavities of these lobes 
become the lateral ventricles, and are connected by means of the 
foramen of Munro, which at the earlier periods is very wide, but sub- 
sequently becomes narrowed toa mereslit. Theeserebral hemispheres 
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are separated by the ingrowth of a septum, which is ultimately 
formed into the falx cerebri, The hemispheres are then greatly en- 
larged in the backward direction, so that they quite overlap the 
thalamencephalon and the parts developed from the middle cerebral 
vesicle, The corpus callosum is subsequently forméd by the fusion 
of the juxtaposed parts of the hemispheres. sd 





Olf, Olfactory lobes. Zi. Lamina terminalis. Cs. Pigs al striatum. 7'k. Optic 
thalamus. P.n. Pineal gland. Jb. Mid brain. Cd. Cerebellum. fo. Medulla 
oblongata.* 1. Olfactory ventricle. 2. Lateral ventricle. 3. Hind ventricle. 
4, Fourth ventricle. + Iter a tertio ad quartum ventriculum. 


From the anterior part of the cerebral hemispheres arise two pro- 
longations, which develop into the olfactory bulbs, these grow for- 
wards, and,soon lose their cavities which at first communicated with 
those of the ventricles. 

Middle cerebral vesicle—By the cranial flexure the brain is bent 
at the junction of the first and second cerebral vesicles, the first cere- 
bral vesicle is thus turned downwards, leaving the second vesicle as 
the most anterior part of the brain. 

The upper walls of the second cerebral vesicle are developed into 
the corpora quadrigemina, 

The cavity of this vesicle persists as a narrow channel, and forms 
a communication between the third ventricle in front and the 
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fourth ventricle behind, and receives the name in the adult brain 
of the tr a tertio ad quartum ventriculum, The crura cerebri arice 


from the lower wall of this middle vesicle. 


The third cerebral vesicle is divided into an anterior and a posterior 
part, From the upper part of the anterior division arises the cere- 
bellum, and from its lower part the pons Varolii. 

The posterior division gives rise to the medulla oblongata. 
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The cavity of this 
vesicle is called the 
fourth ventricle. It is 
continnous with the 
central canal of the 
spinal cord. Its upper 
wall is thinned and 
forms the valve Vieus- 
sens. It communicates 
with the subarachnoid 
space through the fora- 
men of Majendie. 


Fig. 271.—Chick on the third 
day seen from beneath as 
a transparent object, the 
head being turned to one 
side. (Foster and Balfour. ) 

a’. False amnion. 

a, Amnion. 

CH. Cerebral hemisphere. 

F.B., M.B., H.B., Anterior, 
Middle, and Posterior cere- 
bral vesicles. 

op. Optic vesicle. 

ot. Auditory vesicle. 

ofv. Omphalo - mesenteric 
veins. 

Ht. Heart. ‘ 

Ao, Bulbus arteriosus. 

Ch. Notochord. 

Of.a. Omphalo-mesenteric 

arteries. 

Py. Proto-vertegree. 

2. Point of divergence of the 

splanchnopleural folds. 

y. Termination of the fore- 

gut, V. 


Tan ALIMENTARY CANAL AND ITs APPENDAGES. 

When the blastoderm is bent at its anterior extremity to form the 
cephalic fold, it closes in-and forms the anterior boundary of a short 
canal, the upper wall of which is formed by the general blasto- 
derm, and its lower wall by that part of the splanchnopleure 
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which rans backwards, leaving the somatopleure, to form the 
plenro-peritoneal space. It then turns forwards to meet with the 
uncleft mesoblast, forming the wall of the yolk sac, which communi- 
cates freely with this rudimentary part of the alimentary tract. 

This canal becomes closed in for a considerable extent, and is 
then called the fore-gut. It is the precursor of the pharynx, the 
lungs, the cesophagus, the stomach, and the duodenum. The mouth, , 
which at this period is unformed, is developed later by an involu-: 
tion of the epiblast and the removal of the tissue between th® fore- 
gut and the buccal cavity. . 

The tail fold, in a somewhat similar manner, shuts off a canal 
called the hind-gut, which becomes developed into the posterior part 
of the alimentary canal. This hind-gut until the further development 





Fig. 272.— tary canal of an embryo whilst the rudimentary mid-gut is still 
continuity with the yolk sac. (Kdlliker after Bischoff.) 
A. View from below, B. Longitudinal Section, 
a. Pharyngeal plates. a. Diverticulum of a lung. 
6. The pharynx. b. Stomach. 
c.c. Diverticula forming the lungs. ce. Liver. 
d. The Somach d, Yolk sac. 


J. Diverticula of the liver. 

g- Membrane torn from the yolk sac. 

h. Hind-gut. 
of the bladder, &c., is in connection with the allantois which arises as 
& bud from the lower part of the rudimentary hind-gut. 

Between these two canals an intermediate one is formed by the 
splanchnopleure of the mesoblast, which, at a distance from its origin, 
becomes constricted, and shute off an upper canal, the méid-gut, from 

o PP 
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a lower larger organ, the yolk sac, the connection between the two 
forming the ductus vitello-intestinalis. 

Thus the primitive alimentary canal consists of an anterior and a 
posterior canal, which are closed below, and a canal intermediate 
between these, which opens at its lower surface into the yolk sac. 

As the placental circulation becomes more and more developed, 
so the yolk sac shrinks and atrophies, until at last it is represented by 
a fold of tissue connected with the primitive intestine. The ductus 
vitell$-intestinalis accordingly becomes obliterated, and thus the mid- 
gut is closed at its lowef aspect. 

The primitive intestine placed at the inferior aspect of the em- 
bryo, just below the protovertebre, is lined internally by hypoblast, 





G 


Fig. 278.—Position of the various parts of the alimentary canal at different stages. 
A. Embryo of five weeks; B, Of eight weeks; C. Of ten weeks. (Allee: Thomson.) 


i. Pharynx with the lungs. u. Bladder. 

a. Stomach. cl. Clbaca. 

¢. Small intestine. c. Ceecum. 

7. Large intestine. - vi. Ductus vitello intestinalis. 
g- Genital duct. si, Urogenital sinus. v. Yolk-sat.g 


and covered externally by mesoblast. The cephalic or anterior ex- 
tremity of the canal is formed by uncleft mesoblast ; the rest of the 
canal is formed“by the splanchnopleural layer of the mesoblast. 

A dilatation of a part of the fore-gut gives origin to the primitive 
stomach ; this is quite gtraight at first, lying below the vertebral 
column, with which it is connected by mesoblast. After a time the 
stomach becomes turned to the right side, so that the left surface of 


THE INTESTINAL CANAL. ° 579 


the organ comes to lie anteriorly and the right surface posteriorly, the 
mesoblast connecting it with the vertebral column, being developed 
into the peritoneal processes of the organ. 

The lower part of the fore-gut is of much smaller calibre than the 
dilated portion forming the stomach ; it becomes the duodenum, in 
connection with which arise two important viscera, the liver and the 
pancreas. 

The mid-gut and hind-gut form the small and large intestine, these 
being at first one straight tube, of which the small intestine hes the 
larger calibre. The small intestine, as it grows, falls into folds, and 





Fig 274 —Longitudinal section of a fostal sheep. (Cadiat.) 


a. Pencardrum, @ Branchial arches. 
». Commencement of Diaphragm. e. Pharynx. 


¢. Heary. J. Ongin of lung. g. Laver. 


the mesoblast connecting it to the vertebral column forms the me- 
sentery, 

The large intestine is at first a straight tube lying*to the left of the 
embryo ; it becomes bent, and part of the tube is directed towards the 
right side; this develops another flexure, the portion of intestine 
below which grows downwards, Thus that part remaining on the 
left side forms the rectum, the sigmoid flexure, and the descending 
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colon ; whilst that part between the flexures becomes the transverse 
colon, and that on the right side the ascending colon. 

The cecum is developed from the ascending colon, the ileo-cexcal 
valve arising and shutting off the one part of the intestinal canal 
from the other. The vermiform appendix originates from the inferior 
extremity of the cecum, which, owing ‘to its feeble growth, is of 
much smaller calibre than the upper part. 

The,epithelial lining of the intestines is derived from the hypoblast, 
and the muscular, vascular, connec- 
tive tissue, and serous coverings are 
mesoblastic in their origin, 

The liver is developed from two 
diverticula of the duodenum, in con- 
nection with which arise cylinders 
of cells. The hypoblast develops 
into the liver cells and the cells 
lining the ducts, the mesoblast 
furnishing the vascular and con- 
nective tissue parts of the organ. 
The two diverticula are connected 
by a transverse piece, and form the 
2 right and left lobes of the liver. 
The process connecting the liver 
Fig. 275.—Diagram of the alimentary to the duodenum forms the common 


an OE ene Salta ater bile duct,and from this the galll blad- 
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tte.) der is deyeloped as an outgrowth. 

tg. Diverticulum of one lung. The vessels of the embryo, which 

St. Stomach. . ; ‘ . 

1. Liver. are in relation to the liver, will 

p. Pancreas. be described under the vascular 
system. 


The pancreas arises as an outgrowth from the duodenum, its con- 


stituent parts originating in a manner similar to those of the liver. 

The spleen is derived from the mesoblast, and is developed in one 
of the peritoneal processes of the stomach. 

The lungs are developed in connection with the cesophagus, of 
which they are early outgrowths. 

The canal of the fore-gut at a certain point becomes laterally 
constricted, its fransverse section presenting an hour-glass shape, 
consisting of an upper, and a lower dilated portion, united by 4 
central constricted neck. ,The lower of these cavities becomes sub- 
divided by the outgrowth of the lateral portions and the upgrowth 
of a part of the lower wall which forms a central septum, so that the 
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fore-gut comes to be composed of an upper undivided tube, giving 
off two appendages. 

These appendages consist of hypoblastic tissue, and as they grow 
into the surrounding mesoblast they divide and sub-divide, until 
at last they come to consist of very minute tubules, which terminate 
in dilated extremities. The undivided canal forms the permanent 
trachea, the appendages the main bronchi, whilst their minute sub- 
divisions are the bronchioles, which terminate in the dilated alveoli. 

The hypoblast forms the delicate lining membrane of the air 
passages, and the mesoblast gives rise to tHe supporting tissue hold- 
ing them together, as well as to the blood-vessels, the muscular, 
cartilaginous, and connective tissue of the bronchial tubes, 

The pleure surrounding the lungs are like the other serous mem- 
branes, also mesoblastic in their origin. 


GENITO-URINARY APPARATUS, 


In the interval between the protovertebree and the cleavage of the 
mesoblast into its somatopleural and splanchnopleural layers, there 
appears a mass of cells, which arrange themselves into the form of a 





2 bw ae ob dt op 
Fig. 276,— Transverse section through the embryo of a chick on the second day where 
the medullary canal is closed. (Kolliker.) 


mr. Medvflary canal. hpi. Somatopleure. 


h. Epiblast. df. Splanchnopleure. 

uwh, Cavity of protovertebra uw. ap. Pleuroperitoneal cavity. 
ung, Wolffian duct. dd. Hypoblast. 

mp. Mesoblast dividing into ch. Notochord. 


ridge. Phis ridge, which lies beneath the epiblast, becomes hollow, 
and thus a tube is produced, which is called the Wolffian duct. 

From this tube diverticula arise, which extend into the sur- 
rounding mesoblast ; they are tubular, and comnfunicate with the 
central duct, whence they arise. The processes become twisted, and 
at their extremities the neighbouring mesoplast undergoes differentia- 
tion, and forms vasculer capsules corresponding in structure to the 
Malpighian corpuscles. This part of the Wolffiap duct, which has 
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aequired a glandular structure, is the Wolffian body or primitive 
kidney of the embryo, whilst the Wolffian duct corresponds to the 
primitive ureter. 

The epithelium lining the interval between the somatopleure and 
splanchnopleure (pleuroperitoneal cavity), close to their origin from 
the untleft mesoblast, becomes columnar in character. It receives 
the name of the germinal epithelium. An involution of this takes 
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Fig. 277.—Section of the inner part of the pleuroperitoneal cavity through the origin 
of the genito-urinary organs. (Waldeyer.) 


L. Somatopleure. WK. Wolffian body. 

m. Splanchnopleure. y. Wolffian duct. 

a. Germinal epithelium. a’, Epithelium giving rise to the duct 
C, o. Primitive ova. of Miiller z. 

EZ. Mesoblast forming the ovary. 


place into the mesoblast, just below the somatopleure, and becomes 


shut off, and fornfs a hollow cylinder. 
By this means a second duct is formed in close relation to the 


_ first; this is the Miillerian.duct. This duct is developed from before 
backwards. 
According ss the embryo is a male or a female, so one or other 
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of these ducts develops. In the male the Wolffian duct remains 
as the vas deferens, and the Miillerian duct becomes atrophied, In 
the female, on the other hand, the Miillerian duct forms the organs 
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Fig. 278 -~Tyansverse section through the lumbar region of an embryo chick at the end 
of the fourth day. (Foster and Balfour.) 


W.R. Wolffian ridge. W.d. Wolffian duct, 

g.¢. Germinal epithclium. V.c.a. Posterior cardinal vein. 

A.O. Dorsal aorta, ch. Notochord. 

M. Mesentery. A.W.C. Anterior white column of 
SP, Sflanchnopleure. spinal cord, 

d, Alimentary canal, ar. Anterior root. 

V. Vessels, A.G.C. Anterior grey column, 

m.p. Commencing Miillerian duct. p.r. Posterior root. 

So. Somatopleure. m.p. Muscle plate. 

W.d. Wolffian body, ne. Canal of spinal cord. 


for the conveyance of the ova out of the body, and the Wolffian duct 
is represented by a rudimentary structure near the ovary, 
Part, howeyer, of the Wolffian duct in both sexes develops gimi- 
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larly ; this, the metanephros, corresponds to that part of the duet 
nearest to the tail end of the embryo. It forms part of the urinary 
organs, and develops into the permanent ureter and the kidney. 

From the metanephros a projection arises, which grows quickly, 
and opens into the cloaca; this remains as the ureter. From the upper 
part of the ureter arise 
small cecal evolutions, 
which become convoluted 
at certain points and sur- 
rounded by mesoblast ; 
these canals are the urin- 
ary tubules, and at the 
extremity of each is de- 
veloped a tuft of vessels, 
which thus forms a Mal- 
pighian corpuscle. 

The straight tubes group 
themselves together at the 
inner part of the gland, 
whilst the convoluted tu- 
bules, with the Malpig- 
hian corpuscles, are aggre- 
gated at the periphery of 
the gland, 

At the junction of the 
ureter to the glandular 
™mass, changes take place 
by which this tube is eplit 


MANUAL OF PHYSIOLOGY. 





previous to distinc < 
{Allen Thomson.) up seni or hnee uarek 
W. Wolffian body. sions, W are the primi- 
8. Ureter. 4, Bladder. 5. Urachus _ tive calices of the kidney, 
Genital cord. Clitoris 

m. Mllerian duct. vm” “ the dilated part of the 
w, Wolffian duct. i. Intestine. ureter forming the pelvis. 
le. sae a sing ar aes or the labia Fwy thé ge epithe- 


ot.. Origin of the ovary or testicle respectively. 
z Part of Wolffian body ney deve- 


loped into the soni vaeculosi 


lium lining the inner 
extremity of the pleuro- 
peritoneal cavity, lying 


close to the splanchnopleure, and partly from the mesoblast sur- 
rounding the Wolffian body. 
The germinal epithelium, the cells of which are not eo well developed 
as in the female, sends processes into the mesoblast, and these are said 
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to form the spermatic cells, the mesoblast becoming differentiated 
around them to form the walls of the tubuli seminiferi. 

The Wolthian duct, which persists as the vas deferens, aids in form- 
ing the testicle, the epididymis being merely a convoluted part of 
it, and the vas aberrans one of the cecal tubes in connection with 
the duct. The coni vasculosi are thought to be formed from ébme of 
the tubules of the Wolffian body ; they are connected to the testicle 





Fig. 280.—Diagram of the sexual organs of the male embryo. (Allen Thomson.) 


3. Ureter. g- Gubernaculum testis. C. Cowper’s gland. 

4. Bladder.® vs. Vesicula seminalis. ep. Penis. 

5. Urachus. a. Intestine. sp. Spongy part of the 

t Testicle, pr. Prostate. Urethra. 

Me. a Peg er ductof Mul- WW. Organ of Giraldés, ’. Pomtion the testicle 
ler (hydatid of Mor- vh. Vas aberrans. ultimately assumes. 

wen +) vd, Vas deferens. s. Scrotum. 
é. 


by means of a tube which is itself split up into a aun of divisions 
which form the vasa efferentia. 

The Wolffian duct forms, besides the vas ieceug the vesicula 
seminalis (which i is merely a blind diverticulum from its extremity), 
and terminates in the ejaculatory duct. 


The two Mullerian ducts, in the male, join and form a single tube ; 
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this is, not further developed, but atrophies, leaving as its represen- 
tative the sinus pocularis, which is situated in the floor of the 
prostate. The upper extremities of the Miillerian ducts form the 
hydatids of Morgagni. 

The ovary, like the testicle, is formed from the germinal epithe- 
liam, hich multiplies and forms a projection close to the Wolffian 
body. The cells of the epithelium become involuted and sur- 
rounded by the uncleft mesoblast, to form ova and Graafian follicles, 
The glandular part of the ovary thus arises from the germinal 
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Fig. 281.—Diagram of the sexual organs of a femfile embryo. (Allen Thomson.) 
J. Fimbriated extremity of the left Failo- va. Vagina. 


pian tube. 8. Ureter. * 
W. Remains of the Wolffian tubes. 4. Bladder. 
g- Round ligaments. 5. Urachus. 
o. Ovary. h. Inferior opening ofwagina. 
po. Parovarium, C. Gland of Bartholin. 
uw. Uterus. v. Vulva, 
dG. Remains of Wolffian duct, or duct sc. Vascular bulb. 
of Gaertner. ec. Clitoris. 
m. Right Fallopian tube cut short. n, Nympha. 
w. Right obliterated Wolffian duct. t. Labium. i. Re&tum. 


epithelium, and its stroma springs from the mesoblast in the neigh- 
bourhood of the Wolffian body. 

The ducts of Miiller are the precursors of the female genital 

They approach one another and unite along a certain 

- distance at their lower extremities. Of this united part, the upper 

end forms the uterus, and the lower the vagina, whilst the un- 
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united parts of the Millerian ducts form the Fallopian tubes, which 
become connected to the ovaries, whilst their cavities remain con- 
tinuous with the pleuroperitoneal space. 

In the female the Wolffian duct and body atrophy, the parovarium 
being in the adult the representative of the Wolffian body. 

The bladder is merely a dilated portion of that part of theallan- 
tois which is in immediate connection with the alimentary canal, 
and the urachus is the narrowed part of the allantois connecting the 
bladder to the remainder of the allantois which is without the body 
walls of the footus. : 

While the alimentary canal is in connection with the allantois, 
the intestinal and genito-urinary passages open into a common cavity 
at their termination ; this is the cloaca, and it is in the further de- 
velopment of the embryo that a septum arises, dividing this into 
an alimentary or anal portion, and an anterior or urinary portion. The 
septum, dividing the urogenitary from the alimentary portion of the 
cloaca, forms, eaternally, the perinzum. 

At the aperture of the cloaca an eminence arises which develops 
into the penis in the male, the clitoris in the female. Around this 
eminence is a fold of integuments, which forms the labia in the 
female, the scrotum in the male. 

In the female this integumentary covering enlarges much more than 
the clitoris and covers it in, the urethral orifice opening just below 
the clitoris. 

In the male the urethral orifice at first opens at the base of the 
penis, but eventually a groove is formed on the under surface of 
this organ, which becomes converted into a canal, and forms the 


urethra. 


BLOOD-VASCULAR SYSTEM. 


In the m&mmalian embryo this may be appropriately divided into 
two systems of different dates; the first, or early circulation, which 
is confined to the yolk sac; and the second, or later circulation, 
which passes through the placenta. 

The P*Ymitive Heart arises from the splanchnopleural layer of 
the mesoblast, just at the point where this forms the under wall of 
the fore part of the alimentary canal. When the formation of the 
folds of the embryo was described, it was stated*that the groove 
of the cephalic fold tended to grow backwards towards the teil end 
of the embryo, This groove is limited behind by the somato- 
pleural layer of the mesoblast, and posteriorly to this is a cavity 
formed by the cleavage of the mesoblast, called the pleuroperitongal 
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cavity. In the early stages of development, the posterior wall of 
this small cavity is formed by the splanchnopleural layer of the 
mesoblast. The heart arises at the point at which the splanchno- 
pleure tends to travel forwards to meet the uncleft mesoblast, and 
thus completes the pleuroperitoneal cavity. 

Theeheart consists at first of a single cylinder, which in the human 
embryo probably is formed by the coalescence of two primary tubes, 
At first it has no distinct cavity, but soon the cells of the mesoblast 
withifi the mass forming the heart become transformed into blood 
corpuscles, and thus it f% hollowed out. <A layer of endothelial cells 
line the cavity, and become the endocardium. 





Fig. 282.—Transverse section through the region of the heart of a rabbit’s embryo of 
nine daysold. (Killiker.) 


° 
jj. Jagular veins. é’. Prolongation of hypoblast between 
ao. Aorta. the two halves of the heart. 

ph. Fore-gut. ah. Outer wall of the 

32. Blastoderm. yp. Cavity of the peri ium. 

hp. Body wall reflected in ect. ik. Inner lining of the heart. 

ent. Hypoblast. ect. Epiblast. af. Visceral mesoblast. 


The primitive heart is connected at its upper end with the two 
aortes, and at its lower end with the omphalo-mesenteric veins. 
After a time the tube shows signs of division into three parts ; the 
upper part becomes the aortic bulb, next to which is formed the 
cavity of the veritricle, continuous with which is the auricular space. 
The tube also, which at first lies in a straight line, now becomes 
twisted on iteelf, the auri¢ular part becoming posterior and superior, 
whilst the ventricle, with the aortic bulb, remains anterior and some- 
what below. 


DEVELOPMENT OF THE HEART. o689 


Each primitive cavity of the heart is divided into two by the 
gradual growth of partitions, and thus the four permanent heart 
cavities are developed. 

Externally a notch shows the division of the ventricle into right 
and left cavities, whilst from the inside of the right wall there grows 
a projection which sub-divides the ventricle internally. This éptum 
is, however, not at once complete at its upper part, a communication 
between the right and left sides of the heart remaining for soma time 
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Fig. 288.—Diagrammatic views of the under surface of an embryo rabbit of nine days 
and three hours old, showing the development of the heart. (Allen Thomson.) 


A, View of entire embryo. B, an enlarged outline of the heart of A. C, a later stage 
of theglevelopment of B. 44. Ununited heart. aa. Aortee. VV. Vitelline veins. 


above this partition. With the growth of the inter-ventricular 
septum, the external notch becomes less prominenty but it is perma- 
nently recognisable as the inter-ventricular groove. 

In the auricles a fold develops from the anterior wall, which 
ultimately unites with a process of later development from the 
posterior wall. This septum is not complete during fostal life, but 
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is interrupted by an opening leading from one auricle to the other, 
called the foramen ovale. 

Simultaneously with the appearance of the posterior process of the 
septum, another fold arises, which is placed at the mouth of the inferior 
vena cava, and forms the Eustachian valve. 

Thé aortic bulb likewise, by a projection from the inner wall of the 
cavity, becomes divided into two canals, the anterior of which 





Fig. 2856.—Human embryo of 
about three weeks. (Allen 
Thomson.) 
uv. Yolk sac. 
al, Allantois. 
am. Amnion. 
ae. Anterior extremity. 
pe. Posterior extremity. 





Fig. 284.—Development of the heart in the human embryo, from the fourth to the 
sixth week. 


A. Embryo of four weeks. (K6lliker after Coste.) 


B. Anterior, and C. posterior views of the heart of an embryo of six “veeks. 
(Kolker after Ecker.) 


a. Upper limit of buccal cavity. 2%. Buccal cavity. c. Lies between the ventral 
ends of the 2nd and 8rd branchial arches. d. Buds of upper libs. e. Liver. 
J. Intestine. 1. Superior vena cava. 1’. Left superior vena cava or con- 
nection between the left brachio-cephalic vein and the coronary vein. 1”. Open- 
ing of inferior vena cava. 2. 2’. Rightandleftauncles. 38. 8’. Right and 
left ventricles. 4, Aortic bulb. 


° 
remains in continuity with the right ventricle, and the posterior 
canal is continuous with the left ventricle. The anterior thus be- 
comes the pulmonary artery, and the posterior the permanent aorta. 

The primitive circulations, of a human embryo may be divided 
into two, which differ in their time of appearance and in the accessory 

a organs to which they art distributed. Though they may, for the 
sake of clearness, be described as two independent circulations, they 
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are not strictly so, as they exist for a short time coincidently, and 
arise in connection with one another from the same heart, 





Fig, 286.—Diaram of the circulation of a chick at the end of the third day. (Foster 


and Balfour.) 
H, Heart. R.of, and L.of. Right and left omphalo- 
AA. Aortic arches (2nd, 8rd, and 4th.) mesenteric veins. 


Ao. Dorsal aorta. 8.V. Smus venosus. 
L.ofA., ReofA. Right and left omphalo- D.C. Duct of Cuvier. 
mesenteric arteries. 8.Ca. and V.Ca. Superior and inferior 


& 7. Sinus terminalis. cardinal veins. 


(a) The earlier or vitelline circulation is that which is directed to 
the yolk sac, the embryo obtaining nourishment from the vitellus or 
yolk ; this is, however, an organ of quite secondary importance in 
the mammalian embryo, and hence this Circulation may be better ‘ 
studied in some such animal as the chick, which depends, throughout 
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its embryonic life, on the vitellus for nourishment. In the human 
embryo the yitelline circulation is chiefly of importance for the 
few days immediately preceding the development of the placental 
cirewlation. 


The aortic bulb is continnous with two vessels which run on either 
side of the primitive pharynx ; these are the aorte, and from each 
of them a large branch is given off. These omphalo-mesenteric 
arteries pass to the yolk sac, and there become split up into a 
number of small vessels, the blood from them being returned partly 
by corresponding omplfalo-mesenteric veins, partly by a large vein 
running round the periphery of the vascular area known as the 
sinus terminalis, The sinus terminalis opens partly into the right 
and partly into the left omphalo-mesenteric veins, the omphalo-mesen- 
teric veins themselves subsequently uniting into a common venous 
trunk, called the sinus venosus, which is continuous with the primi- 
tive auricle. 

This vitelline circulation in the human embryo persists but a short 
time. After the fifth or sixth week of fatal life it becomes oblite- 
rated, the yolk then being atrophied, and the placental circulation 
well developed. 

(6) The later, or placental circulation, is developed in the meso- 
blastic layer of the allantois, especially in that part which is in 
relation with the decidua serotina. The allantois, when fully de- 
veloped, extends to the chorion, over which it spreads, sending 
in processes to occupy the villi. These chorionic villi are embedded 
in the decidua of the uterus, and are especially developed at the 
upper part, which is in connection with the decidua serotina or 
maternal placenta. . 

The primitive aorte, which were at first two separate tubes, become 
united in the dorsal region of the embryo, so that the two aortic 
arches end in a single vessel, which extends to the mfddle of the 
embryo, and there divides into two branches, each of which gives off 
a, vessel called the vitelline or omphalo-mesenteric artery. 

From the branches of the aorte arise two large vessels, which, 
running along the allantois, spread out over the chori®n, being 
especially directed to the upper part of this membrane ; these are 
the umbilical or hypogastric arteries, which carry the blood from 
the aorte to the costal placenta. 

Veins arise from the terminal networks of these arteries, and com- 
bine to form the two umbilical veins. The umbilical veins take 
similar course to the arteries, and convey the blood to the venous 
trunk formed by the junction of the omphalo-mesenteric veins. 
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After a time the right umbilical and right omphalo-mesenteric veins 
disappear, whilst from the trunk formed by the junction of the left 
umbilical and left omphalo-mesenteric veins, branches are given off 
to the liver (the ven udvehentes), and at a point nearer the heart, 
vessels are received from the liver (the ven revehentes), 





Fig. 287.—Diagram of the yilscular system of a human fuwtus. (Hualey.) 


iy, Heart. 

7.1. Aortic trunk, 

c. Common carotid artery. 

c’. External carotid artery. 
ce”. Intern€l carotid artery. 
s. Subclavian artery. 

v. Vertebral artery. 

1, 2, 3, 4, 5, Aortic arches, 
«l’. Dorsal aorta. 

1. Ompbalo-mesenteric artery. 
dv. Vitelline duct. 

o’. Omphalo-mesenteric vein. 
v’. Umbilical vesicle, 


vp. Portal vein. 

L. Taver. 

wn, Umbilical arteries. 
wu’. Their endings in the placenta. 
a’, Umbuilcal vein. 

Du. Ductus venosus, 

ih. Hepatic vein. 

cv. Vena cava inferior. 

vil. Iliac veins. 

az. Vena azygos. 

ve. Posterior cardinal vein. 
DC. Duct of Cuvier. 

P, Lungs. 


To the part of the vessel intervening between the origin of the 
vense advehentes and the entrance of the ven revehentes is given 


the name of the ductus venosus, 


Thus it may be seen that in the placental circulation the blood 
conveyed from the aorta, by the umbilical arteries, to the fotal 
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placenta, and here it undergoes changes, owing to its close relation- 
ship to the maternal blood. From the placenta it is returned by the 
umbilical vein, which sends a part through the liver and a part 
direct to the heart. The more minute details of fotal circulation 
will be described later on. 

The *Artertal System.—Around the pharynx are developed five 
pairs of aortic arches. These commence anteriorly from the two 
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Fig 288.—Diagram ot the heart and pmncipal ar airs of the chick. (Allen Thomson.) 
B. and ¢. are later than a. 


1, 1. Omphalo-mesenteric veins. 4, ae bulb. 
2: Auricle. 5, 5. Primitive aortre. © 
3. Ventricle. A. United Aorta. 6,6. Omphalo-mesenteric artcrics. 


primitive aorta, and, passing along the side of the pharynd, end in the 
aorte as they descend to become united in the dorsal region of the 
embryo. The points of origin of the arches are termed their anterior 
roots, and the points of termination their posterior roots. 

Though all these arches do not exist at the same tints, still, in 
describing the vessels which arise from them, they may be conve- 
niently considered together. 

On the right wide the fifth arch disappears completely. On the 
left side the anterior root and neighbouring part of the fifth arch are 
transformed into the pulmonary artery ; the remaining part of this 
arch continues as the ductus arteriosus, which connects the pulmonary 
artery with the permanent aorta. 


AORTIC ARCHES. 595 


The fourth left arch, in mammalia, becomes the permanent aorta. 
At the junction of the fourth and fifth left posterior roots the left sub- 
clavian artery is given off. In birds the right fourth arch is trans- 


Fig. 289.—Diagram of the aortic archer, 
the permanent vessels arising frum 
them are shaded darkly. (Alku 
Thomson after Rathke.) 


1, 2, 8, 4, 5, Primitive aortic archen 
of nght side. 


1, 11. 11. 1v. Pharyngeal clefts of th: 
left side, showing the relationship 
of the clefts to the aortic arches. 


A. Aorta. 

P. Pulmonary artery. 

d. Ductus arteriosus. 

a’ Left aortic root. 

a. Right aortic root. 

at’ descending aorta. 

pn. pn.’ Right and left vagi. 

3.9. Right and left subclavian arteries 
vv. Right and left vertebral arteries 
e. Common ¢arotid artends. 

ce. External carotid. 

cr. ev’. Rught and left internal carotil 





formed into the permanent aorta; and in cxamining the development 
of the aortic arch of the chick, it must be borne in mind that it is on 
the opposite side to that it occupies in man. 

On the right side the anterior root of the fourth arch, and the 
part of the aortic trunk leading to it, persist as the innominate artery, 
thé fourth arch being represented by the right subclavian artery. 

The part of the primitive aortic trunk joining the fourth and third 
right antwrior roots becomes the common carotid artery of the same 
side, whilst arising from this is the internal carotid, which, taking the 
position of the third arch, pas-es to the posterior roots, and occupies 
the trunk of the primitive aorta from the third to the first arches. 

The @xternal carotid, arising from the common carotid at the third 
anterior root, occupies the position of the vessel joining this root to 
those of the second and first arch. 

On the left side the common carotid and its bramches are developed 
similarly to those on the right, the only difference being that the 
common carotid arises from the aoita and not from the innominate. 

The iliac arteries are developed from’ the hypogastric. At first 
they appear as branches, but with the growth got the limbs they 

Q@Q2 
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become so much larger that after birth they appear to be the main 
branches from the point of division of the aorta, the hypogastric 
arteries now being merely small branches of the iliac vessels. 

With the development of the organs and limbs, vessels in connec- 
tion with those above described arise in the mesoblast. It is, how- 
ever, beyond the scope of this work to describe in detail the origin 
of the lesser vessels. 


Fig. 290. ° 


4. Plan of principal veins of the 
foetus of about four weeks 
old, 

2B. Veins of the liver at an earlicr 

period, 

(. Veins after the establishment 
of the placental circulation. 

D. Veins of the liver at the same 
period. 

j}» Primitive jugular veins. 

de, Ducts of Cuvier. 

ce. Cardinal veins. 

ev. Inferior vena cava, 

/, Ductus venosus. 

w. Umbilical vein. 

?. Portal vein. 

o. Vitelline vein. 

rr, External iliac veins. 

o’. Right vitelline vein. 

«’. Right umbilical vein. 

t’. Hepatic veins (ven reve- 

e hentes). 

2p’. Vene advehenter, 

m. Mesenteric veins. ‘ 

az. A7yfos vein. 

ca’, Remains of left cardinal 
vein. 

s, Subclavian vein. 

Ze. Cross branch from left jugu- 
lar which becomes the left 
brachio-cephalic vein. 

ri. Right innominate vein. 

..2. Subclavian veins. © 

kh. Hypogastric veins. 

tw, Division of inferior yena cava 
into the common iliac 
veins, 





Venous System.— The , ood is returned from the head by the 
two primitive jugylars, which unite with the >.rdinal veins conveying 
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the blood from the trunk and lower extremities to form a vessel 
on each side, called the duct of Cuvier. 

From the lower extremity of the embryo the inferior vena cava 
commences by the union of the external iliac veins; this passes 
up and opens into the venous trunk common to the left vitelline 
and left umbilical veins. e 

The left vitelline becomes continuous with the vessels from the 
common trunk going to the right side of the liver (the right vena ad- 
vehens), and forms the main trunk of the portal vein (v. tig. 290, 
B. & D.). . 

At this stage of the formation of the veins there are three trunks 
opening into the auricle, the right and left ducts of Cuvier and the 
inferior vena cava. 

As development proceeds, the lower parts of the cardinal veins join 
the external iliac veins, forming the common iliacs, and sv return 
their blood into the inferior vena cava. 

The upper parts of the cardinal veins hecome continuons with the 
posterior vertebral veins which convey the blood from the parietes 
of the embryo. Between the latter a connnunicating branch is 
established, which helps in the formation of the azygos vein. 

The ducts of Cuvier, which at first were placed almost at right 
angles to the auricle, become more oblique in their direction as the 
heart descends. 

Between the primitive jugular veins a cross branch is developed, 
which conveys the blood from the left side of the head and upper 
extremity to the duct of Cuvier of the opposite side. 

The left duct of Cuvief below the communicating branch, atrophies 
ang forms part of the coronary veins of the heart. The connection 
between this and the vein above the cross branch being, in the 
adult, represented by a small vein, or a band of fibrous tissue, called 
the vesti#al fold of the pericardium. 

The cross branch from the left tothe right jugular becomes the left 
innominate vein. The right duct of Cuvier and the right jugular 
below the entrance of this cross branch, forms the superior vena 
cava; Whilst the part of the right primitive jugular immediately 
above the entry of the left innominate vein, forms the right innomi- 
nate vein, 

The posterior vertebral vein of the right si@e forms the vena 
azygos major; the corresponding branch of the opposite side, together 
with the part of the left primitive jugylar below the cross branch, 
forms the left superior intercostal vein and the superior ven® 
azygos minor. The lower part of the left posterior vertebral vein, 
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together with the connecting branch to the right vein, remain as the 
inferior vena azygos minor. 

Fetal Circulation :—The course taken by the blood through the 
heart and vessels of the embryo differs essentially from that which 
persists in adult life. 





e 
ig. 291.—Diagram illustrating the circulaton through the heart and the principal 
mete vessels of a footus. (Cleland) 


a. umbelical vein. e. Vessels to the viscera. 
db. Ductus venosus. d, Hypogastric arteries. 
J. Portalevein. ec. Ductus arteriosus. 


Tracing the blood from the placenta, it passes along the umbilical 
vein towards the liver, here it may take either of two courses to 
teach the vena cava, one which follows the ductus venosus and avoids 
the liver, the other which passes by the vense advehentes (portal veins) 
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to the liver, and proceeds by the vente revehentes (hepatic veins) to 
the inferior vena cava, which receives all the blood passing by both of 
these channels. From this the blood is emptied into the right auricle, 
and hence is guided by the Eustachian valve through the septum by 
the patent foramen ovale to the Jeft auricle. From the left auricle 
it passes to the left ventricle, which contracts and sends tite blood 
into the aortic arch, where it is split up into two streams, one of 
which passes into the vessels of the head and neck, the other by the 
descending aorta to the trunk and lower extremities. : 

The blood from the head and neck &% returned to the right 
auricle by the superior vena cava. The blood from this vein passes 
through the auricle to the right ventricle, which sends it through 
the pulmonary artery towards the lungs. 

The pulmonary artery, however, in the embryo, has one very large 
branch, called the ductus arteriosus, which joins the aorta at a point 
just below the origin of the vessels of the head and neck ; hence the 
main part of the blood passing from the right ventricle reaches the 
aorta by the ductus arteriosus, and only a very small part goes to the 
lungs, to be returned from them by the pulmonary veins to the left 
auricle. 

The blood from the ductus arteriosus blends, therefore, with that 
in the aorta which is passing to the viscera and lower extremities. 
The main part of this blood travels by two large branches of the 
aorta (the hypogastric arteries) to the placenta, where it is acrated 
and purified, &e. 

It is evident, then, that as the placenta is the great renovatiny 
organ of the blood of the foetus, that the blood in the umbilical vein 
is the most arterial in the foctal circulation. The blood in the ascend- 
ing vena cava and first part of the aorta is likewise fairly arterial, 
but the blood in the descending aorta is of a mixed character, as it 
contains bfbod which has nourished the head and. neck, besides blood 
which has come from the placenta by the inferior vena cava through 
the right auricle, foramen ovale, left auricle, and left ventricle. 

As the foctal lungs are not called into play until after birth, but 
little bfood passes to them in the fotus; this state of things is 
however completely altered at birth, when the lungs of the child 
expand, tle pulmonary arteries increase in size, and the ductus 
arteriosus dwindles in a corresponding degree. *® 

The liver, which in the foctus is of relatively greater size than in 
the adult, receives much blood coming frgm the placenta to the heart, 
and is thought to contribute to it several essential constituents. ? 

The head and brain, which are largely developed in the foctur, 
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receive well aerated blood ; namely, the placental blood which has 
passed through the liver, and, in the inferior vena cava, is mixed 
with blood coming from the lower limbs. The rest of the fetus 
receives blood that is less well aerated, as it is mixed with that 
which is returned from the head and neck to the right side of the 
heart, aad which is sent through the ductus arteriosus to join the 
general blood current in the aorta going to the viscera and lower 
extremities. 


n 


DEVRUOPMENT OF THE EYE. 

The optic vesicles arise from the anterior cerebral vesicle at a very 
early period, and their cavities are continuous with that of the fore- 
brain. With the development of the rudimentary cerebral hemi- 
spheres the optic vesicles become displaced downwards, and their 
cavities open into the junction of the cavities of the cerebral hemi- 
spheres and that of the thalamencephalon, which becomes the third 
ventricle. Later, the optic vesicles open directly into the third ven- 
tricle, and finally are displaced backwards, and come into connection 
with the mid-brain. 

The optic vesicles are at first hollow prolongations, which consist 
of an anterior dilated portion, forming the primary optic vesicle, 
and a posterior tubular portion or stalk joining the vesicle to the 
fore-brain. This stalk forms the optic nerve. 

As each vesicle grows forwards towards the epiblast covering the 
head of the embryo, the epiblastic cells at the spot overlying the 
vesicle, become thickened, and an involution of the epiblast takes 
place towards the optic vesicle, and indents the latter, approximating 
its anterior to its posterior wall. 

By this means the anterior and posterior walls of the primary 
optic vesicle come into close contact, and the cavity of the vesicle is 
obliterated, The two layers of the vesicle are now cup-#iaped, and 
receive the name of the secondary optic vesicle or the optic cup. 
This ultimately becomes the retina, and the optic stalk losing its 
cavity is transformed into the optic nerve. 

Meanwhile, the local involution of the epiblast over the aptic cup, 
which is the rudiment of the crystaline lens, becomes gradually 
separated from the general epiblast giving origin to it, and is 
finally detached fgom its point of origin. It now lies as a some- 
what spherical body in the cavity of the optic cup within the super- 
ficial mesoblast, which has closed over it. 

« The secondary optic vesicle grows (except at its lower part, just 
at the junction of the optic stalk), so as to deepen the optic cup, 
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which contains the rudimentary lens, At the lower part an interval 
is left, which receives the name of the choroidal fissure. Through 
this gap in the secondary optic vesicle the mesoblast enters and 
separates the lens from the optic cup, and forms the vitreous humour. 

The mesoblast surrounding the optic cup develops two coverings 
of the eye, an outer fibrous capsule called the sclerotic coat, and a 
vascular coat, the choroid, which lies in contact with the outer 
layer of the optic cup. 

ein front of the lens, beneath the epiblast, the mesoblast forms the 
corneal tissue proper. The epiblast 
forms the epithelial or conjunctival 
covering of the eyeball. 

The involution of mesoblast through 
the choroidal fissure, which forms the 
vitreous humour, indents the optic 
stalk, and forms the central artery 
of the retina. The choroidal fissure is 
gradually obliterated, and its position 
may sometimes be marked by a perma- 
nent fissure in the iris (coloboma iridis). 

The rudimentary lens is a spherical 
body, hollow in the centre, made up 
of an anterior and posterior wall, each 
of which is formed of columnar cells. 
The posterior wall of the lens in- 
creases greatly in thickness, and ap- 


yroaching the t Fig. 292.—Section through the 
1 anterior will obliterates headache gets ed 





the original cavity of the lens. day, showing the origin of 
The cells forming this wall become the lens. 

very much elongated, and form long 4. Epiblast thickened at ¢, which 

fibre-like @s\aniias cells. The cells of i p Demy oh ore -OF ee 


the anterior wall from being a colum- 0. Optic vesicle. 
nar epithelium, are modified to a flat Po pee eee wenicle. 
tened epithelium, and finally become | 
the layer of epithelium lining the anterior surface of the capsule of 
the lens, The capsule of the lens has been variously considered 
as arising from the cells of the lens substance, or as originating from 
a thin layer of mesoblast, which forms not only the “lens capsule, 
but also the hyaloid membrane, which is continuous with it. 

The optic cup gives origin to the retina, The inner or anterio 
Jayer of the cup becomes thickened, and from it are differentiated the 
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various layers of the retina, except the layer of pigment cells which 
lies next to the choroid. The posterior layer develops this layer of 
pigment cells, which, from their intimate connection to the choroid, 
were formerly considered as part of that membrane. 





Fig. 293.—Diagrammatac sections of the primitive eye, showmg the choroidal fissure. 
(Foster and Balfou1.) 
D. Horizontal section. 
E. Vertical transverse section just striking the posterior part of the lens. 
¥. Vertical longitudmal section through the optic stalk, and the fissure through 
which the mesoblast passes to form the vitreous humour. 


h. Buperficial epiblast. c. Cavity of the optic vesicle. 
x. Point of origin of the lens. J Choroidal fissure. 
v.h,. Vitreous humour, ¢ Optic stalk. 


7. Anterior layer of the optic vesicle. 8’, Cavity of the optic stalk. 
u. Posterior layer of the optic vesicle. 1, Lens. Uv. Cavity of the lens. 


The thickening of the inner or anterior layer of the optic cup 
ceases at the ora serrata. The outer layer with its contiguous choroid 
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Fig. 294.—Later stages in the development of the lens. (Cadiat.f° 
a. Epiblast. c. Rudimentary lens. o. Optic vesicle. 


is thrown into a number of folds—the ciliary processes—and parsing 
in front of the lens, helps to form the iris, 

In front of the ora serrata the anterior layer of the cup is no longer 
differentiated into the special retinal elements, but joins with the 
posterior to form a layer of columnar cells,—the pars ciliaris retina. 
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n front of this the anterior rim of the optic cup passes forwards 
ind lines the posterior surface of the iris, forming the uvea of that 
gan, and terminates at the margin of the pupil. 
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: Tig. 295.- A further stage of the development ot the lens. (Cudiat ) 


"* Specomng’ conjunctiva; "de dee there ot cbte: fan fonsiue tobias jal 
of nucd&s tissue of the vitreous humow , 7, Lotercellula: substance ; 4, De- 
veloping optic nerve. 

The rest of the substance of the iris is developed fiom the meso- 

blast, from which also arise the choroid, the cornea and the sclerotic. 

The dewelopment of the eye may be thus briefly described. An 

offshoot of nervous matter from the fore-ln ain, forms the retina and 
the uvea, and its stalk, or connection with the biain, develops into the 
optic nerve. e 
An involution of epiblast which grows into the nervous cup forms 
the lens, whilst from the adjacent mesoblast the surrounding parts of 
the eye arise. The vitreous is produced by the mesoblast growing 
through a fissure in the lower part of the optic cup to fill its cavity. 
a 
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DEVELOPMENT OF THE EAR. 


The ear is developed chiefly from the epiblast, a special and indc- 
pendent involution of which forms both its essential nervous struc - 
tures, and the general epithelium lining the membranous labyrinth. 
The mesoblast supplies the surrounding firmer structures, such as 
the fibrous substance of the inner ear, and the bony parts in which 





Fig, 296.—Transverse section through the head of a foetal sheep m the region of the 
hind-brain. (Boettcher.) 


H. 8. Hind-brain. a.c. Auditory ganglion. 

cc. Canal of the cochlea. a’. Auditory nerve. 

rc. Recessus vestibuli. n. Connection of auditory nerve to the 
vB. Vertical semicircular canal. hind~-brain. 


the organ lies. The auditory nerve grows as a )ul from the neura! 
tissue forming the hind-brain, and connects it to the delicate 
specialised auditory cells. 

The process beyins by the appearance of a depression of the general 
epiblast covering the head, which soon forms a tubular diverticulum, 
lying in the mesoblast at the side of the hind-brain. 

? his diverticulum becomes separated from the epiblast by the 
obliteration of its outer extremity, which united it to the superficial 
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»piblast, and is then converted into a cavity and receives the 

name of the otic vesicle. It soon becomes somewhat triangular in 
shape, the base of the triangle lying upwards, 

From the lower angle arises a projection, which is the rudimentary 

canal of the cochlea. The angle lying next to the neural epiblast 





Fig 297.—Section through the head of a fuctal sheep. (Boettchcr.) 


n.v. Recessus vestibuli. H. B. Horizontal semicircular canal. 
\.B. Vertical Semicircular canal. «. Auditory ganglion. 
c.c. Canal of the cochlea. 


similarl® gives off a tubular process, which forms the recessus 
vestibuli. 

Elevations in the primitive vesicle indicate the origin of the semi- 
circular canals, which become tubular, opening at #heir ends into the 
weneral cavity of the vesicle. The two superior canals are the first 
to appear, the horizontal canal rising somewhat later. 

The part of the otic vesicle in connection with the canal of thé” 
cochlea becomes separated from the latter by a narrow constriction 
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which forms the canalis reuniens, the part of the vesicle beyond this 
developing into the saccule. 

The utricle arises from that part of the vesicle which is in con- 
nection with the semi-circular canals. It is at first in direct con- 
nection with the saccule, but after a time it is only found to com- 
municate by means of a narrow canal with a similar one from the 
saccule ; these two canals are connected with a third, which lies in 
the aqueductus vestibuli. 

The canal of the cochlea is at first a straight tube, but as it devalops 
it becomes coiled upon itself. 

The walls of the primitive otic vesicle, formed from the epiblast, 
become developed into the epithelium lining the internal ear. The 
mesoblast immediately surrounding the vesicle forms a supporting 
capsule of fibrous tissue, which completes the membranous parts of 
the internal ear. 

Part of the mesoblast around the otic vesicle becomes liquefied, 
and gives origin to the canals and spaces in which the membranous 
labyrinth lies, the neighbouring mesoblast is changed into cartilage 
which ossifies and forms the bony parts of the ear. 

The auditory nerve is developed from the hind-brain, and grows 
through the mesvblast towards the otic vesicle. It is recognisable 
from its having some ganglion cells in its growing extremity from a 
very early period of its development. 

The Eustachian tube and the tympanum, or cavity of the middle 
ear, are formed in connection with the inner part of the first visceral 
cleft, and the ossicles are developed from the corresponding visceral 
arch, namely, the hyo-mandibulur. 

The membrana tympani is formed at the surface of the embryo, 
the adjacent parts grow outwards and give rise to the external auidi- 


tory meatus. 
@ 


DEVELOPMENT OF THE SKULL AND Face. 

The bones of the roof of the skull and of the face are chiefly 
derived from membrane, those of the base of the skull peing laid 
down in cartilage. 

At the cephalic extremity of the notochord is a mass a unclefi 
mesoblast, called the investing mass, corresponding to that from 
which the vertelee are developed. 

From this arises two prolongations, which diverge and then unite 
again, leaving an interval; and the united portion becomes once 
more divided into two processes, the trabeculae: eran. 

The mesoblast behind the interval receives the name of the occipito- 
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sphenoid portion ; the interval is the rudiment of the sella tunica, 
which is occupied by the pituitary body, The part of the mesoblast 
in front of this, is called the spheno-ethmoidal portion. 

From the occipito-sphenoidal portion are developed the basi- 
occipital together with the posterior part of the sphenoid. At the 
sides of the medullu oblongata processes are sent up, whieh unite 
round it and form the foramen magnum. Laterally the mesoblast 
envelops the auditory vesicles and forms the side portions of the 
occipital bone. 

In the cartilaginous antecedent of the temporal bone there are 
three centres of ossification—the epiotic, which develops the mastoid 
process ; the prodtic, which is in the region of the superior semi- 
cirewar canal ; and the opisthotic, which is at the cochlea. 
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My iN Fig. 299.—Longitudinal section 
through the head of an embryo 
; of four weeks (KOolliker). 
v. Cavity of cerebral hemisphcre, 
a.no. Optic vesicle. 
Fig. 298.—Busis cranu of a fu ky +. Cavity of third ventricle. 
sixth day. (Huxley.) m, Cavity of mid-brain. 
: bell 
3. Trabecule. : wee 
4. Pituitary space. o. Auditory depression. 
1. Notgchord. 


é. Basis cranii. 
5. Tn ear. t’. Tentorium, | 
p. Pituitary body. 


The spheno-ethmoidal portion develops the anterior part of the 
sphenoi@ together with the ethmoid bones and the cartilage of the 
septum of the nose, the first arising from the back part is developed 
from membrane. The trabecule are carried forwards, and bending 
down at the nasal depression form the lateral nasal cartilages and 
the anterior part of the septal cartilage. 

The face is developed in connection with ridges known as the 
wisceral folds or arches, between which are a number of clefts, the 
visceral clefts. 
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The eyes and the openings of the nose are in the face ; whilst 
the ear arises at the side of the face, in connection with one of the 
visceral clefts. 

The nasal depressions or pits appear in the wall of the head, cover- 
ing the anterior part of the brain, 





Fig, 300.—Dnfferent stages of the development of the head und face of a human embryo. 


A. Embryo of four weeks. (Allen Thomson.) 3B, Embryo of six weeks, (Ecker.) 
C. Embryo of nine weeks. (Allen Thomson.) 


a, Auditory vesicle. 1, Lower jaw. 1’, First pharyngeal cleft, 


Just above the first visceral arch or fold is the depression which 
ultimately becomes the buccal cavity, and unites with the alimentary 
tract to form the mouth. 

The first fold is called the mandibular ; this gives off at either end 
a process which grows upwards and inwards, forming the rudiment of 
the superior maxillary bone and side of the face. 

Between these is a median process, the fronto-nasal, which gives off, 
on the inner sides of the nasal grooves, projections whicu form the 
inner nasal processes ; these unite with the superior maxillary pro- 
cesses to close in the nostril and form the lip. 

The outer nasal process is a thickening on the outer side of the 
nasal depression, which running down towards the superior maxillary 
process, forms eventually the lachrymal duct. 

The mandibular arch forms the lower jaw, and between this and 
the superior maxiflary process the buccal cavity is developed chiefly 
by the outgrowth of the surrounding tissue; the epiblast lining this 
becomes thinned away, ani the subjacent mesoblast and hypoblast 

“disappear ; and thus the buccal cavity is made continuous with that of 
the alimentary canal. 
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6 
The cavities of the nasal depressions at first. open into the buccal 
cavity by means of the nasal grooves; after a time, however, pro- 
cesses arise from the superior maxille which grow inwards, and 
finally meet one another in the middle line, forming a broad plate 
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Fig. 301.—Vertical section of the head of an embryo of a rabbit. (Mihalkovics.) 
In A. there isno connection between the buccal cavity and the foregut. In B. the 
ed. 


connection is establish 

m. Epiblast of neural canal. be. Part of basis cranii which receives 
A. Heart. ce. Cavity of fore-beain. the pituitary body. 
me. Cavity of mid-brein. am. Amnion. 
mo. Cavity of medulla. py- Part of heart cavity going to form 
29.0. Spheno-occipital parts of the the pituitary body. 

basis cranii. if, Fore-gut. 
sp.e. Spheno-ethmoidal part && the ch. Notochord. 

basis cranii. if. Infundibulum. 


of tissue intervening between the nasal cavity above and the buccal 
cavity belova The palate when complete in front gradually closes 
towards the back of the buccal cavity, and here the communication 
between the nose and the pharynx is left. 

Imperfect development of these parts gives rise to the common 
congenitaledeformities, cleft-palate and hare-lip. 

The first cleft is the hyo-mandtbular; it forms the tympano- 
Eustachian cavity, which becomes separated from the surface by the 
closure of its outer end by the growth of the membrgna tympani, the 
external auditory meatus and ear being formed by an outgrowth of 
the tissue surrounding the tympanic membrane. 

The mandibular arch contains, close td its connection with the ‘ 
superior maxillary process, a rod of cartilage, called pouseks cartilage. 

RR 
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é 
This becomes partly converted into the malleus, partly into the 
internal lateral ligaments of the temporo-maxillary articulation, 

The second, or hyoid arch, gives origin to the incus, the stylo- 
hyoid process and ligament, together with the lesser wings of the 
hyoid bone, 

- From the third arch arises the body and greater wings of the hyoid 
bone together with the thyroid cartilage. 
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GLOSSARY. 


Abscissa. The line forming the basis of measurement of graphic records, along 
which the time measurement is commonly made. 

Accommodation. The focussing of the eye for different distances; it depends 
upon changes in the lens, which becomes more convex for near objects. 

Acinous glands. Secreting organs composed of small saccules filled with glan- 
dular epithelium connected with the twigs of a brauched duct; like the berries 
on a bunch of grapes. 

Adenoid tissue. The follicular part of lymphatic glands composed of reticular 
tissue containing the lymph corpuscles. 

Adequate stimulus. The particular form of stimulus which excites the nerve- 
endings of a special sense organ. 

Afferent nerves. Nerves bearing impulses to the great nervous centres, from 
the various parts of the body, so as to give information to the sensorium, or 
to excite reflex actions. 

Agminate glands. A name applied to those lymph follicles that occur in groups 
in the lower part of the small intestine. 

Albumin. A term, derived from the Latin for the white of egg (albymen), used 
in physiology to denote a complex chemical substance which may be obtained 
from ova, blood-plasma, and py tissues of animals and plants. 

Albuminoids. A class of nitrogenous substances allied to the albumins in com- 

ee a but differing from them in many important respects. 

Allantois. A vascular out-growth from the embryo which in mammals helps to 
form the placenta, and in birds becomes the respiratory organ of the embryo. 

Alveoli. The term used to denote the small cavities found in some parts, such 
as the air sp&ces of the lungs. 

Amnion. The membranous sac which grows around the embryo and envelops 
the foetus while it is being developed in utero. 

Ameba. A unicellular organism consisting of a nucleated mass of protoplasm. « 

Amorphous. Without definite or regular form ; the opposite of crystalline. 

Amylolytic. “Relating to the conversion of starch into dextrine and grape sugar. 

Amylopsin. A ferment in the pancreatic juice, which converts starch into sugar, 

Analgesia. A condition of the nervous centres in which pain cannot be felt, but 
ordinary tactile and other sensations remain unimpaired. 

Analysis. A separation into component parts; the splittixfe up of a chemical 
compound into its constituents. 

Anastomoses. The direct union of blood-vessels without the intervention of a 
capillary network. ® « 

\nelectrotonus. A peculiar electric condition of a nerve, resulting from the 
passage of a current through the nerve, but confined to the region where the 
current enters, i.c., the neighbourhood of the positive pofe. 

8 @ 


RRQ 


612 \ GLOSSARY. 


Anode. The positive pole or electrode—i.c., the pole by which the electric cur. 
rent enters a substance. 

Apnea. A state of cessation of the breathing movements from non-excitation of 
the respiratory nerve centre on account of an unusually arterial state of the 

Ares The outer zone of the blastoderm from which the foetal membranes 
are ‘developed. 

Area pellucida, The central spot of the blastoderm from which the embryo 
chick is developed. 

Arterfole. Asmall artery ; usually applied to those vessels the walls of which aro 
largely composed of muscle tissue. © 

Arthroses. Movable joints which have a synovial membrane. 

Asphyxia. A term meaning, literally, cessation of the pulse, such as occurs from 
interruption of respiration, now commonly used as synonymous with suffocation. 

tion. The chemical combination of new material (nutriment) with living 
tissues. This forms the most characteristic property of living matter, 

Astigmatism. Unevenness of the refracting surfaces of the eye; when engaging 
the entire cornea, it is called ‘‘regular,” and affecting a local part, ‘‘irre- 

” astigmatism. 

Atoms. The ultimate indivisible particles of matter. 

Atrophy. <A wasting from insufficient nutrition. 

Automatic, Self-moving—i.c., acting without extrinsic aid ; a term applied to 
the independent activity of certain tissues (such as the nerve centres), the 
exciting energies of which are not readily: determined. 

Axis cylinder. The essential conducting part of a nerve fibre, which is composed 
of fine strands of protoplasm. 


Bacteria. A class of minute fungi, which occur in all decomposing animal or 
vegetable substances. 

Bilirubin. The red colouring matter of the bile of man and carnivora. 

Biliverdin. The greenish colouring matter of the bile of herbivorous animals, 

Binoonlar. Pertaining to vision with two eyes. A combination of the effect of 
two retinal impressions by means of which the appearances of distance and 
solidity are arrived at. 

Biology. The science of life. 

Bilastoderm. The primitive cellular, membrane formed by the segmelitation of 
the ovum, in a part of which the embryo is developed. 

Blood-pressure. The force exercised by the blood against the walls of the vessels. 
It is very great in the arteries, and therefore causes a consta&t stream through 
the capillaries to the veins. 


Canaliculi. Minute channels which connect the small cell spaces or lacuns of 
bone with each other, and contain protoplasmic filaments uniting the neigh- 
bouring cells. v wt 

Carbohydrates. Compounds of carbon, hydrogen, and oxygen, in which the oxy- 
gen and hydrogen exist in the proportions requisite to form water. 

Cardiograph. An instrument by means of which the heart’s impulse is trans- 
mitted, through an air tube, from a tambour on the chest wall to another 
which makes a record on a moving surface by means of a lever. 

Gatelectrotonus. A peculiar electric state of a nerve in the region where 4 
current passing througlf it leaves the nerve, 7.c., near the negative pole. 

. The negative pole or electrode—~i.e.,, the one by which the electric. 
current leaves é substance through which it is passing. 
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Centripetal, Afferent. 

Centrifugal. Efferent. 

Cerebral vesicles, Primitive swellings on the primary noural tube of the early 
embryo which develop into the brain. 

Chemical elements. Substances which cannot be split up into components, and 
therefore are regarded as simple. 

Chlorophyll. ‘the green colouring matter of the cells of plants. It is supposed 
to be the agent which, under the influence of light, decomposes carbo dioxide 
and water to form the cellulose and starch of the plant. 

Cholesterin, A substance occurring in the bile, white matter of the brain and 
spinal cord, and in small quantities in many other tissues, Chemically it is 
a triatomic alcohol. 

Chorda dorsalis. The precursor of the vertebral cofumn of the embryo, 

Chorion. The outer layer of the membranes of the ovum, part of which becomes 
vascular, and helps to form the placenta. 

Choroid. The vascular coat of the eye-ball. 

Chromatic aberration. The alteration of white light into prismatic colours 
during its passage through an ordinary lens, 

Chyle. The fluid absorbed from the small intestines by the lacteals. 

Cilia. Minute vibratile processes which occur on the surface cells of the respira- 
tory and many other epithelial membranes. 

Circumvallate. Large papille situated at the back of the tongue. They are 
surrounded by a fossa in the walls of which lie taste buds. 

Cloaca. The common opening of the genito-urinary organs into the primitive 
hind gut of the embryo. The cloaca persists in birds. 

Colloid. That condition of quasi-dissolved matter in which it will not diffuse 
through a membrane such as parchment. The opposite of crystalloid. 

Co-ordination. The adjustment of separate actions for a definite result, as when 
the nerve-centres cause various distinct muscles to act together and produce 
complex movements. 

Cytod, A term suggested to denote aliving protoplasmic unit which has no nucleus, 


Decidua reflexa, The outgrowth of the uterine mucous membrane which sur- 
rounds the ovum. e 

Decidua serotina, The part of the modified mucous membrane of the uterus in 
which the fecundated ovum is lodged. 

Decidua vera. The altered mucous membrane of the uterus, which lines that 
organ during gestation. 

Deglutition. Zhe act of swallowing. 

se an The term used to denote the casting off of the outer layer of the 

in. 

Dialysis, The diffusion of soluble crystalloid substances through membranes 
such as parchment, 

Diastole. he period of relaxation and rest of the heart's muscle. 

Dicrotism. The double wave of the arterial pulse. The dicrotic wave is seen on 
the descending part of the pulse curve, 

Dioptric media. Transparent bodies, such as those parts of the eye which so 
refract the light that images come to a focus on the retjna. 

Distal. A term used to denote a part relatively far from the centre, 

Ductus arteriosus, A short bond of union between the pulmonary artery and 
the aorta, which in the fostus carries blood from the right side of the heart into 
the aorta. @ 

Ductus venosus. A vessel which, in the footus, carries blood from the umbilical 
vein to the vena cava, After birth it becomes a fibroys cord. 
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Ductus vitello-intestinalis, The union between the yolk sac and the intestine 


of the bay bs 
Dyspama. Difficulty of breathing ; it is a condition in whieh inordinate respira- 
tory movements are excited by an unusually venous state of the blood in the 
nerve centre. 


Ectoderm, The outer layer of simple organisms. 

Eotosare, A term applied to certain unicellular organisms, meaning the onter 
layer or covering. 

es. The two terminals which are applied to a substance in ordertocomplete 
thg circuit when it is required to pass a current through the substance. 

Electrotonus. A peculiar electric state of nerves resulting from the passage of a 
continuous current throt.gh them. 

Embryo. The name given to the animal at the earliest period of its development. 

Emmetropic. A term applied to the normal eye, in which parallel rays of light 
are brought to a focus at the retina without accommodation. 

Emulsification. The suspension of very fine particles of liquid or solid in a 
liquid which is not able to dissolve them. 

Endoderm. The inner layer of simple organisms, 

Endogenous reproduction, The formation of new cells or organisms within the 
body of the parent individual. 

Endolymph. The liquid contained within the membranous labyrinth of the ear. 

Endosmosis. The diffusion of a fluid into a vessel through its walls from the 
exterior. 

Endothelium, The single layer of thin cells which lines the serous cavities, 
the lymphatic and blood-vessels, and all spaces in the connective tissues 
(mesoblastic lining cells), 

Epiblast. The uppermost of the three layers of the blastoderm, from which the 
epidermis and the nerve-centres are developed. 

Epithelium. The non-vascular cellular tissue developed from the epi- and 
hypoblast of the blastoderm. 

EZupnesa, A term used to denote the normal rhythm of respiratory movements in 
contradistinction from dyspnea and apneea. 

Exeito-motor. Impulses which, reflexly, call forth motion. 

Exoito-secretory. Impulses calling forth the activity of gland cells, commonly 
applied to afferent influences which act reflexly. ° 


Fibrinogen. <A form of globulin obtained from serous fluids, which, on being 
added toa liquid containing serum-globulin, gives rise to the formation of fibrin. 

Fibrinoplastin. A term sometimes applied to paraglobulin or sé’um-globulin. 

Filiform. A name given to a certain class of the papille of the tongue, the points 
of which taper off to a thread. 

Fetus. The fully-formed embryo while in the uterus or egg. 

Fungiform. A name given to a certain class of papille of the tongue, which are 
shaped like a toadstool. 


Galvanometer. An instrument for measuring the direction and strength of 
electric currents by means of the deflection of a magnetic needle. 

Ganglion. A swelling. Chiefly used to denote swellings on nerves which contain 
nerve corpuscles. Hence any group or mass of nerve cells, 

Gastrula, A stage in the development of animals in which they consist of a small 
sac composed of two layers,pf cells. 

Gewmation. Budding—sa process of reproduction in which a bud forms on the 
parent organism, and finally separates as a distinct being. 
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Giobulin. <A form of albumin insoluble in pure water but soluble in weak 
solutions of common salt, 

Glomerulus, A bundle of capillary loops which form part of the Malpighian 
body of the kidney. : 

@lyocooholic acid. An acid existing in large quantities combined with soda in 
the bile of herbivorous animals, and in lesser quantities in man. 

Glycogen, Animal starch ; a substance belonging to the carbohydrates, which is 
made in the liver. It may be readily converted into grape sfgar—from 
which fact its name is derived. 

Gustatory. Pertaining to the sense of taste. 

e 


@ 

Hematin. A dark-red amorphous body containing iron ; obtained from the de- 
composition of the colouring matter of the blood (hemoglobin), 

Hemin. Hydrochlorate of hematin ; easily obtained, as small dark crystals, vf 
boiling blood to which some commonaalt and glacial acetic acid have been adde 

Holoblastic. The form of ova the entire yolk of which enters into the process 
of segmentation. 

Homeothermic, Even temperatured—a term applied to those animals that keep 
up a regular temperature, independent of their surroundings—-warm-blooded 


animals, 

Hyaloid. Glass-like; a name given to the delicate membrane enclosing the 
vitreous humour. 

Hydrocarbons, Compounds of carbon and hydrogen. Fats, though containing 
oxygen in addition, have been considered as hydrocarbons. 

Hypermetropic, A term applied to eyes in which the focus of parallel rays of 
light lies beyond the retina ; also called long sight. 

Hypertrophy. Increased growth from excessive nutrition. 

Hypoblast. The undermost of the layers of the blastoderm, from which the 
pulmonary and alimentary tracts and their glands are formed. 


Inhibition. A checking or preventive action exercised by some nervous mechan. 
isms over nerve corpuscles and other active tissues. 

Infusoria. A name given to g large class of simple organisms which are found 
in dirty water. 

Irragjiation. The phenomenon that bright objects appear larger than they really 
are. Itis due to the extension of the effect of light on the retina to those 
parts immediately adjacent to where the light rays impinge. 


Kymograph, An instrument used for recording graphically the undulations of blood- 
pressure, measured directly from a blood-vessel by means of a manometer. 


Lachrymal, Pertaining to the secretion of tears. 

Lacuns. mall spaces in the substance of bone tissue, occupied during life by the 
bone-cells, They appear black in sections of dry bone owing to their con- 
taining air, which replaces the shrivelled cells. 

Latency, or Latent period. The time that elapses between the moment of 
stimulation and the response given by an active est; 

Leucin. This is a common product of the decomposition of proteids, It is 
formed in the later stages of pancreatic digestion. 

Leucocytes. A term applied to the white blood-corpuscles and lymph cella, 

Lumen, The open space seen on section of a tube, vessel or glandular saconde : 
the cavity surrounded by the gland-cella, in which the secretion collects. 
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Lymph. ‘The liquid collected by the absorbent vessels from the tissues; the 

aa flow of the irrigation stream escaping from the blood-vessels to nourigh 


Manometer. An instrument for measuring pressure ; made of a U-shaped tabe 
containing liquid, commonly mercury. 

Med sheath. A soft clear sheath around the axis cylinder of medullated 

-  mervea, which, owing to its refracting power, gives them the white appear- 


ance, 

Menstruation. The monthly change in the mucous membrane of the uterus, 
whith accompanies the discharge of the ovum. pe 
Moeroblastic. The form of oga in which the yolk does not undergo complete 

segmentation, as that of birds. 
Mesoblast, The middle of the three layers of the blastoderm from which the 
, connective tissues and vascular apparatus of the embryo are formed. 
Metabolism, The intimate chemical changes occurring in the various organs and 
tissues upon which their nutrition and functions depend. 
Metanephros. The hinder portion of the Wolffian duct which develops into 
the kidney and ureter. 
Metasoa, A term used to denote all those animals whose ova undergo division, 
; . in contradistinction to Protozoa. 
occus. An extremely minute fungus of around shape, Micrococci occur 
in many solutions of decomposing organic matter. 
Mioturition. The act of voiding urine. 
Molecules, The smallest physical particles of matter that can exist in a separate 
state. They are probably always constituted of two or more atoms. 
Morphology. The science which treats of the forms and structure of living beings. 
Morula, The stage of development of the ovum after segmentation in which all 
the young cells are alike, before the blastoderm is formed. 
Miillerian duct. An embryonic structure from which are formed the genital 
passages in the female, viz., Fallopian tube, uterus, and vagina. 
Myograph. An instrument for graphically recording muscle contraction. 
Myosin. The substance formed by the coagulation of muscle plasma. It is one 
of the globulins. ¢ 


Natural nerve currents. The electrical currents passing through an exposed 
muscle or nerve while in the state of rest. 

Neuroglia. The reticular connective tissue which binds together the elements of 
the nerve-centres. ts 

Non-polarizable electrodes. Specially constructed electric terminals which do 

* not set up secondary currents on application to the moist living tissues. 

Notochord. The primitive vertebral axis of the embryo. 

Nucleolus. A small spot observable in some nuclei. 

Nucleus. A central part of a cell differentiated from the main Yrotoplasm, 
commonly round, bat sometimes elongated as in muscle. 


Odonteblasts. Living cells lining the pulp-cavity of the interior of a tooth, 
_ and presiding over ghe growth and nutrition of the dentine. 
Olfactory. Pertaining to the special sence of smell. 
mesenteric. The vessels connecting the embryonic circulation with 
the yolk sac, which are early.obliterated in the mammalian fetus. 
. An instrament consisting of a small mirror by which the 
interior of the eye can be illuminated so that the fundus may be viewed. 
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Optic cap. The involuted optic vesicle which is developed into the retina, &c, 
Oxyhwmoglobin. The colouring matter of the red blood-corpuscles. 


Paramecium, A unicellular organism composed of a soft mass of protoplasm 
enclosed in a firmer case and covered with motile cilia. ; 

Parapeptone, A stage in the formation of peptone produced in gastric 
digestion. eo ... 

Pepsin. A ferment existing in the gastric juice which converts proteids into 
peptones, : 

Peptone. A form of albumin which is produced during the digestion of groteids ; 

“i is very soluble and diffuses readily through membrane. 

Perilymph. The liquid surrounding the membraffous labyrinth of the ear. 

Poristalsis, The mode of contraction of the muscular walls of certain tubes, as 
the cesophagus and intestine, the effect of which is to cause a progressive 
constriction, and so force the contents vf the tube onwards, 

Phakoscope. An instrument for estimating the changes in the shape of the lens 
during accommodation by doubling the reflected images with a prism. 

Placenta, The intra-uterine organ by means of which the foetal blood is brought 
into close relationship to that of the mother, so as to gain nutriment and 
oxygen and get rid of effete matters. ; 

Plasma. A term meaning anything formed or moulded ; it is applied in physiology 
to indicate chemically complex kinds of matter which subserve to the forma- 
tion of the living tissues. 

Poikilothermic. Varying intemperature. A term applied to those animals whose 
temperature varies with that of the surrounding medium—“ cold-blooded 
animals, ” 

Presbyopia. A term denoting the loss of power of accommodation for near 
vision, which accompanies old age. ; 
Protista. A term used to denote the large group of organisms which remain in 

the primitive state of a single cell during all their lifetime. ; 

Protococous, A unicellular vegetable organism, the protoplasm of which contains 
chlorophyll. 

Protoplasm, The substance which gives rise to the primitive vital phenomena, 
seen in unicellular organisms, and which is the chief agent in executing the 
fgnctions of all the active tissues. 

Protovertebre, The primitive segments of the mesoblast in the site of the future 
vertebral column. ; 
Protozoa, The division of the protista which has been assigned to the animal 

kingdom. 

Proximal. A term used to denote a part relatively nearer to the centre. 

Pseudopodia. A term applied to the projections thrown out by moving proto- 
plasm, by means of which cells, such as amebe, move. 

Ptyalin, gthe ferment of the saliva. In a weak alkaline solution it converts 
starch into dextrine and sugar. 


Reflex action. The activity caused by a ganglion cell reflecting an afferent 
impulse along an efferent nerve to the neighbourhaed of original stimula 


tion. 

Refraction. The bending which rays of light undergo when passing obliquely from 
one medium to another of different density. » 

Reticulum, A network ; a term applied to the interlacement of fibres, sudas 
is seen in reticulated connective tissue, &c. 
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frog. An arrangement by which the change in the electric current 
= oe See ee ee ee eee the nerve of 
er, 


Saponification. ‘The formation of soap; the decomposition of oila or fats by 

means of alkalis into salts of the fatty acid and glycerine. 
acid, The principal acid in dead muscle. It has a dextro-rotatory 
power on polarized light, which ordinary lactic acid does not possess. 

Sarcolemma. ‘The delicate sheath surrounding the fibres of skeletal musctes. 

Solero The fibrous coat of the eye-ball. 

Sensori That part of the nerve centres which is supposed to perceive sqpasory 
impressions. © 

Bomatopleure. The subdivision of the mesoblast which, with the attached 
epiblast, forms the body-walls of the embryo. 

Specific gravity. The relation of the weight of a given volume of any substance 
to the weight of an equal volume of distilled water at 4° C0. 

Spherical aberration. The different degrees of refraction at different parts of 
a lens giving rise to different focal lengths, and causing an indistinctness of 
the image. 

Sphygmograph. An instrument for obtaining a graphic representation of the 
pulse-wave by means of a lever applied to the radial artery at the wrist. 
Splanchnopleure. The subdivision of the mesoblast which, with the attached 

hypoblast forms the chief visceral cavities of the embryo. 

sporadic ganglia, Swellings occurring in the course of the peripheral nerves 
caused by a group of nerve corpuscles. 

Steaysin. A ferment existing in the pancreatic juice which causes or aids the 
saponification of the fats. 

Sudoriferous glands. The small tubular glands of the skin which secrete the 

iration, 

-8ummation. The adding together of several single contractions of muscle to form 
a tetanic contraction ; the accumulation of stimuli. 

Sutures. Unions formed by the direct apposition of bones without intervening 
cartilage. They do not permit of motion, 

Sympathetic nerve, The ganglionic nervous corfi on either side of the vertebral 
column. It transmits most of the vaso-motor impulses coming from the 
cerebro-spinal centres, 

Symphysis. <A form of joint without synovial membrane in which the bones are 
fixed together by fibro-cartilage. 

Synthesis. The artificial building up or construction of a chenfical compound 
from simpler materials, Natural processes are not termed syntheses, 

Systele. The period of contraction of the heart’s muscle. 


Taurocholic acid. An acid existing in combination with soda in the bile of man 
and of carnivorous animals. . 

Tetanus. In physiology is used to denote the prolonged contraction of the 
skeletal muscles which follows rapidly repeated stimulations or nervous 
impulse, 

Thalamencephalon, The part of the anterior cerebral vesicle which is left after 
the differentiation of the optic lobes and cerebral hemispheres. 

Thrombosis. The occlusion of a vessel by a local coagulation of the blood. 

Txygbecule, A term used to @enote the supporting bars of tissue that pass 
through some organs, such as those proceeding from the capsule to the interior 
of the spleen or lymphatic glands. 
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Trophic. Relating to nutrition. 

Trypsin, A ferment in the pancreatic juice which in alkaline solutions converts 
proteids into peptones. 

Tyrosin. A substance formed together with leucin during pancreatic digestion ; 
it is also produced by putrefaction of proteids. 


Vrachus, The bond of union which ‘at an early period connects the urinary 
aay nie with the allantois in the embryo ; it is subsequently dbdliterated in 
the footus. 


Vagnoles. Small cavities such as occur in cells. They are supposdl to have 
important tunctions in many unicellular orgqpisms. 

Vagus. The part of the eighth pair of nerves distributed to the viscera of thé 
thorax and abdomen, it is the great regulating nerve of the vegetative func- 
tions, 

Vasomotor. The name given to the nervous mechanisms controlling the move- 
ments of the muscle-wall of the blood-vessels, 

Villus, A hair-like process. A term applied to the small projections character- 
istic of the small intestine. They contain blood vessels and lacteals, and are 
important in absorption. 

Vitellus, The yolk of the ovum, which in mammals divides completely to form 
the embryo. Inu birds only a part divides, and the rest serves to nourish 
the chick, 

Vorticella. Bell animalcule, a bell-shaped unicellular organism with a rudi+ 
mentary ciliated mouth cavity and rapidly contractile stalk. 


Wolffian body. An embryonic structure the forerunner of certain parte of the 
genito-urinary apparatus, 


Zymogen, A peculiar substance existing in the secretion of the pancreas 
supposed to give rise to the pancreatic ferments. 
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ABDOMINAL Pig saat 268 
Abscissa, 88 
Absorption, Ua 
- — methods of, 159 
Accelerator nerves of the heart, 225 
Accommodation, defects of, 480 
— mechanism of, 478 
Acinous glands, 94 
Adenoid tissue, 301 
Afferent cardiac nerves, 226 
i nerve oat 413 
Yr passages, 26 
Air, pressure differences in the, 275 
— volume of, 276 
ee of the semicircular canals, 
Amylopsin, 126 
Albumin, acid, 39 
— alkali, 40 
—_ coagulated, 40 
Albuminates, 39 
Albuminoids, 4] 
Albuminous bodies, 37 
Albumins, classification of, 38 
— derived, 39 
— tests for, 38 
omar od canal, development of, 


Alimentary tract, 76 
Allantoin, 45 
Allantois, 555, 559 
Alveoli, 275 

ion, 555 


Amnion, 
Amosba, 14 
— assimilation of, 59 
— discrimination of, 60 
— ee of, 52, 59 
Analgesia, 51 
? 
An 227 
An us, 423 
Animal heat, 853 
~ expenditure of, 257 


Animal heat, gain of, 357 
— mode of production of, 
356 
-—— nervous control of, 358, 362 
— radiation and conduction of, 
358 
Animals, food of, 64 
Anode, 419 
Anus, 90 
Anvil bone of ear, incus, 505 
Aorta, 207 
Aortic arches, 595 
Apnea, 280 
Aqueous humour, 469 
Area opaca, 553 
— pellucida, 553 
Arterial blood, 288 
— pulse, The, 247 
— system in the fetus, 594 
— tone, 256 
Arteries, 228 
-- development of the, 595 
Arthrosis, 398 
Asexual reproduction, 546 v 
Asphyxia, 289, 295, 521 
Assimilation, 6 
Astigmatism, 482 
Atmosphere, composition of the, 261, 
285 
Atoms, 5 
Auditory nerve ending, 508 
— nerve, cochlear division of the, 
508 
Auerbach’s plexus, 91 
Augmentation of nerve cells, 484 
Auricles of the heart, 206 
Automatic centres in spinal 


Axis cylinder, 21, 414 
— of spinal cord, 513 


INDEX, 


Bacrerta, 57 
— wound oe 58 
Basal ganglia, 5 
Basement membrane, 18 
Belladonna, action on the eye, 480 
Bell animalcule, 61 
als 127 " 
composition of, 133 
ducts, 181 
functions of the, 138 
method of obtaining, 133 
salts, 48 
secretion of, 136 
tests, 185 
Bilirubin, 135 
Biliverdin, 185 
Binocular vision, 498 
Blastoderm, 12 
— of egg, 551 
Blind spot, 489 
meet, amount of, 169 
arterial, 288 
— carbon dioxide’ in the, 194 
— change from venous to arterial, 
288 
changes in the tissues, 292 
changes in the spleen, 304 
chemical interchanges in respi- 
ration, 279 
circulation of the, 204 
circumstances influencing co- 
agulation, 197 
coagulation of, 172, 195 
colouring matter of, ¥87 
current, velocity of ‘the, 253 
destiny of the red discs, 192 
fibrin of, 172 
fibrin ferment, 175 
fibri& formation, 201 
gases in the, 193, 291 
general characteristics of the, 
168 
globin, 192 
hiematin crystals, 190 
heemin crystals, 191 
hemoglobin crystals, 188 
liquor sanguinus, 171 
nitrogen in the, 194 
origin of white 
180 
oxygen in the, 194 
plasma, 36, 171 
plasma, composition of, 173 
red corpuscles, 177 
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Blood, Biot ie development of 


nee 178, 176 
spectra of, 189 
tension of gases in the, 292 
Valentine’s method, 169 
vascular system, _Aevelopment 
of, 587 
— venous, 288 
-— Weber's method of fstimating 
amount of, 169 
— @ Welcker’s method, 170 
— white corpuscles, 178 
Blood corpuscles, 171 
— corpuscles, action of re-agents 
on, 183 
— corpuscles, method of counting, 
185 
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-— corpuscles, size and shape of, 181 
Blood-pressure, 284 
— changes with respiratory move- 
ment, 244 
curve, 242 
measurement of the, 287 
relative height of, 240 
respiratory wave of, 244 
tracing, 257 
variations in the, 241 
Tilood:veasela; 227 
— nervous control of the, 259 
— relative capacity of, 231 
Bone, 30 
Bones of middle ear, 505 
Brain, 529, 534 
— development of, 573 
effect of stimulation of, 543 
fibres and cells in the, 534 
function of the, 535 
recovery after injury of, 544 
result of removal of parts of, 
536, 548 
ventricles of, 529 
Breaking shock, 419 
Bronchial tubes, 263 
Brtinner’s glands, 141 
Buccal cavity, development of the, 609 
Butter, 70 
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CALABAR pray, action on the eye, 480 
Calamus scriptorius, 279 

Camera, 474 

Canaliculi, 30 

Capillaries, 204, 229 

Carbohydrates, 46 


Se? INDEX, 
Carbonic acid in the —— 285 Chorion, 560 
~— in expired air, 28 Choroidal fissure, 601 
gas, 49: Chromatic aberration; 481 
Cardise centrein medullaocblongata, 583  Chyme, 119 
—- herve centres, 228 Ciliary ganglion, 441 
Cardiograph, 217 — muscle, 466 


Casein, 40, 314 

Catelectrotonus, 423 ¢ 

Cathode, 419 

Oell contents, 11 
— modification of original, 13 
—— reproduction, 53 

. — wall, 8, 10 

Cells, 8 


animal, 9 

budding of, 54 

development of, 14 

differentiated, 13 

endogenous reproduction of, 54 

indifferent, 12 

in spinal cord, automatic action 
of, 526 

life history of, 55 

nerve, 413 
— varieties of, 12 

Cellulose, 58 

Centrifugal nerves, 413 

Centripetal nerves, 413 

Cephalic or head fold, 554 

Cerebellum, 534 

Cerebral aaa localisation of the, 

42 


—- hemispheres, 634, 541 
Cerebrin, 48 
Cerebrum, eee of the, 540 
Cervix uteri, 56 
Chalaza of egg, 351 
Changes in pancreatic cells, 128 
Cheese, 71 
Chemical elements, 5 
-— basis of body, 33 
-— stimulation of muscle, 375 
— stimulation of nerve, 418 
Chloride of sodium, 49 « 
Chlorophyll, 58 
Cholesterin, 44, 135 
Cholin, 44 C 
Chonfrin, 42 
Chorda dorsalis, or meena, 567 
Choroid, 466 


— processes, 466 . 
Ciliated epithelium of bronchi, 265 
Circulation of the blood in the foetus, 
590, 596 
Circulation, physical forces of the, 333 
Circumvallate papille, 94, 460 
Cochlea, 507 
basilar member of, 510 
development of the, 605 
rerve endings in the, 508 
organ of Corti, 510 
rods of Corti, 510 
reticulated membrane of, 510 
Cold- blooded animals, 353 
Colon, 89 
Colostrum, 314 
Colour perception, 493 
Common salt, 49 
Complemental air, 277 
Complementary colours, 494 
Connective tissue corpuscles, 28 
Contractile tissues, 28, 25, 365 
— vesicle of paramsecium, 61 
Convex lenses, 473 
Convergence of rays of light, 476 
Convulsions, 521 
Co-ordination, 536 
— of muscular movements, 520 
— of nerve cells, 431 
Cornea, 466 
Corpora quadrigemina, 522, 584 
— striata, 538 
Corpus callosum, 529 ' 
Corpuscles, blood, 171 
— of Hassall, 301 
— Malpighian, 302 
— salivary, 98 
Coughing, 288 
— centre, 531 
Cranial nerves, 486 
Crura cerebri, 537 
Crying, 284 
Crystalline lens, 469 
— development of the, 470 
— structure of, 471 
Curara, 375 
Cutaneous desquamation, 319 


Cytode,9 ., 


Danrer.’s battery, 418 
Decidua reflexa, 561 

-—— gerotina, 559 

— vera, 561 
Defmcation, mechanism of, 89 
Deglutition, 78 

— nervous mechanism of, 83 
Depressor nerve, 257 
Development, 550 

— of alimentary canal, 576 
arterial system, 595 
blood vascular system, 587 
brain, 573 
ear, 604 
eye, 600 
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heart, 587 

kidneys, 584 

liver, 580 

lungs, 580 

nose and mouth, 608 

cesophagus, 580 

pancreas, 580 

sexual organs, 585 

skull and face, 606 

spinal cord, 571 

spleen, 580 

venous system, 596 

Dextrose, 46 

Diaphragm, 270 

Diastole, 213 

Diet table, 352 

Digestion, mechanism of, 75 

Dioptric apparatus, defects of, 4381 
— media of eye-ball, 469 

Direct vision, 490 

Discus proligerus, 549 

Drum of the ear, 503 
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genito-urinary apparatus, 581 
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Du Bois Reymond's spring myograph, 


382 
Ductless glands, 298 
Ductus Arteriosus, 206, 594 
— venosus, 593 
—  viteblo-intestinalis, 559 
Dyspnea, 280 


Ear, auditory canal, 508 


the, 502 
asa cochlea, 507 
— development of the, 604 


| 

| 

| 

| 

— conduction of sound through | 
| 


Ear, Eustachian tube, 506 
— labyrinth of the, 503, 507 
nerve endings in the, 508 
organ of Corti, 510 
ossicles of, 504 
semicircular canals, 508 
tympanum of, 503 
of birds, 503 
— of fishes, 502 
Ectoderm, 15 
Kctosare of paramacium, 61 7 
Efferenj, nerve fibres, 413 
Effete products, 44 
Fgg albumin, 38 
Egg, development of the, 550 
Eggs, 72 
Elastin, 42 
Electric shock, 418 
— stimulation of muscle, 375 
— stimulation of nerve, 418 
Electrodes, non-polarisable, 372 
Electrotonus, 422 
Embryonic chick, 554 
Emmetropic eye, 478 
Emulsification, 126 
End bulbs (Krause’s), 450 
Endoderm, 15 
Endogenous division of cells, 54 
indolymph of inner ear, 506 
Endosare of paramacium, 61 
Endothelium, 154 
Epiblast, 12, 16, 553 
Epithelial tissue, 17 
Kpithelium, ciliated, 19 
— columnar, 19 
— glandular, 19 
— scaly, 19 
stratified, 18 
Ryuilibration, 536 
Kupnea, 280 
Eustachian tube, 506 
— development of the, 606 
Excretions, 317 
Expiration, 268 
— muscles of, 273 
Rye, 465 
development of the, 600 
dioptricg of the, 473 
motor nerve of the, 486 
range of distinct vision, 47& 
— , tunics of the, 466 
Fye-ball, dioptric media of, 469 
Eye-balls, movements of the, 496 
— muscles of the, 497 
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Facx, development of the, 606 
Fallopian tubes, 649 
Fata, 47 
Fehling’s solution, 108 
ice of temperature in, 
Fibrin, 40, 172 
Fibrinogen, “9, 174 
Fibrinoplastin, 174 
Fibrous tissue, 26 
Fick’s p&iidulum myograph, 882 
—— spring manometer, 243 , 
Filiform papille, 94, 460 
Feeces, 145 
‘Footal circulation, 590, 596 
‘Food, changes in the mouth, 106 
chemical composition of, 66 
inorganic, 66 
organic, 66 
requirements, 65, 346 
special forms of, 67 
suitable proportion for healthy 
nourishment, 352 
— stuffs, ultimate use of, 351 
Foramen ovale of fetal heart, 589 
Fovea centralis, 474 
Fungiform papille, 460 
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Gai-BuappEr, 137 
Galvanometer, 372 
Ganglion cells, 21, 429 
—— in the spinal cord, 513 
~— heart, 22 
— sympathetic, 22 
Gastric glands, 111 
Gastric juice, action of, 115 
— characters of, 112 
— method of obtaining, 113 
— secretion of, 113 
Gastrula, 15 
Gelatin, 42, 349 
Gemmation, 54 
Genito-urinary apparatus, development 
of, 581 
Germ epithelium, 547 , 
Germinal spot, 549 
— ‘vesicle, 549 
Giddiness, 459 ‘ 
Gils, 262 
Glands, agminate, 300 
— blood-elaborating, 297 
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Glands, lachrymal, 309 
— mammary, $12 
—  meibomian, 312 
— mucous, 310 
— sebaceous, $11 
sudoriferous, 317 
Globulin, 39 
Glosso-pharyngeal nerve, 442 
Glottis, 268, 404 
Glycin, 45 
Glyco-cholic acid, 48, 134 
Glycocoll, 45 
Glycogen, 47, 8305 
— preparation of, 307 
Glycogenic function of liver, 305 
Gmelin’s test for bile, 186 
Goblet cells, 20, 156 
Graafian follicle, 547 
Grape sugar, 46 
Gravid uterus, 563 
Gustatory nerves, 460 


Hanmer bone of ear, malleus, 505 
Haversian system, 30 
Hearing, 499 
Heart, 203 
action of drugs on the, 225 
development of, 587 
innervation of the, 220 
movements of the, 213 
muscle, 209, 367 
xiuscular fibres of, 208 
rhythm of the, 213 
sounds, 218 © 
valves of the, 206, 210 
work done by the, 255 
Heart beat, cycle of the, id 
Heart’s impulse, 217 
Heat regulation, 363 
Hepatic vein, 129 
Hiccough, 284 
Hippuric acid, 46 ® 

— in urine, 332 
Holoblastic ovum, 553 
Homeeothermic temperature, 353 
Hunger and thirst, 458 
Hyaloid membrane of eye, 469 
Hydrocele fluid, 173 
Hydrochloric acid, 49 
Hypermetropia, 480 
Hypoblast, 12, 16, 553 
Hypoglossal nerve, 445 
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Ipnas, 542 
Teo-ceecal valve, 89 
Inecns, 505 e 
Indican, 46 


Indifferent gases, 293 

Indirect vision, 491 

Indol, 46 

Induced current, 420 

aa coil, Du Bois Reymond's, 
6 


Infusorium, 61 
InBWition of nerve cells, 432 
Inhibitory action, 522 
Inorganic bodies, 48 
Inosit, 47 
Insalivation, 106 
Inspiration, 268 
— forced, 272 
Inspiratory muscles, 269 
Intercellular substance, 11 
Intercostal muscles, 271 
Interlobular vein, 129 
Interstitial absorption, 149 
Intestinal absorption, 155 
— juice, functions of, 148 
— a nervous mechanism of, 


— secretion, 140 
— ee method of obtaining, 
4 

— movements, 87 
Intestine, development of, 578 

— large, 145 

— lymph follicles of, 157 @ 

— putrefactive fermentation inthe, 

e 146 

— structure of small, 140 
Intralobular vein, 129 
Inversion of the image, 475 
Irradiation, 49 
Irrespirable gases, 293 
Tris, 466, 482 


JRguNuM, 89, 144 
Joints, 397 


Keratin, 42, 819 

Kidney, blood-veasels of, 823 
— convoluted tubes of, 822 
— development of the, 584 
— glomerulus of, 323 


na 


Kidney, pyramids of, 328 
— structure of the, 321 
Kreatin, 45, 337 
Kreatinin, 45 
— in urine, 332 
Kymograph, Ludwig’s, 239 
— Fick’s spring, 243 
Kymographic tracing, 2570 


Lasyrints of ear, 499, 508, 907 
Lachrygal glands, 309 
Lacteals, 142, 148, 156 
Lactic fermentation, 47 
Lactose, 47 
Lacune, 30 
Larynx, 263 
— anatomy of, 404 


*Latént period, 383 


Lateral plates of embryo, 568 
Laughing, 284 
Law of contraction, 427 
Lecithin, 43 
Lens, crystalline, 469 
Leucin, 45, 125 
Leucocytes, 178 
Levatores costarum, 271 
Levers, orders of, 397 
Lieberkiihn’s follicles, 141 
Light impressions, 486 
Light, stimulation of retina by, 492 
Listing’s measurements, 476 
Liver cells, 130 
Liver, development of, 580 
—  glycogenic function of the, 305 
— structure of, 128 
Long sight, 480 
Lumen of cell, 123 
Lungs, 262 
Lung sounds, 274, 278 
— tissue, 265 
Lungs, development of, 580 
Lymph and chyle, 163, 297 
— corpuscles, 164 
— follicles, 157 
— movement of the, 165 
— spaces in tendon, 149 
Lymphatic glangs, 151 
Lymphatics, 14 


Maxine Suoox, 418 ® 
Malassez’ apparatus for counting blood 
corpuscles, 135 
a 8s 8 
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Male and female generative elements, | 
origin of, 546 
Malleus, 505 
Malpighian bodies of spleen, 304 
— corpuscles of kidney, 321 
Mammary glands, 312 
Mastication, 77 
Meat, 71 % 
Mechanical stimulation of muscle, 375 
— of nerve, 418 
Mercurifr manometer, 237 
Medulla-oblongata as central organ, 530 
— as conductor, 528 
decussation of fibres in, 529 
respiratory centre in, 530 
— vaso-motor centre in, 531 
Medullary canal, 567 
— folds, 558, 566 : 
— groove, 553, 567 
— sheath, 22, 414 
Meibomian glands, 312 
Meissner’s plexus, 92, 114 
| 
| 
| 
| 
| 


Membrane of Reisner, 508 
Membranes of the chick, 555 
Memory, 542 
Menstruation, 561 
— and ovulation, 549 
Meroblastic ovum, 553 
Mesencephalon, the, 535 
Mesoblast, 12, 16, 553 
Metabolism, 297 
Metazoa, 14 
Micrococci, 56 
Micturition, 340 
— nervous mechanism of, 341 
Milk, 68 
— action of gastric juice on, 118 
composition of, 315 
— influence of nervous system on 
secretion of, 316 
mode of secretion of, 315 
Milk sugar, 47, 314 
tests, 70 
Mitral valve, 207 
Moist chamber, 382 
Molecules, 5 


| 
| 
| 
| 
Morphology, 1 
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Morula, 15 A 

— stage of the ovum, 552 
Motor nerve roots, 433 
Mouth, development of the, 609, 
Meath digestion, 94 
Movements of the body, 399 
Mucin, 41, 810 ‘ 
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Mucous glands, 310 
— of tongue, 96 
— tissue,26 * 
Miillerian duct, 582 
Muscles, antagonistic, 897 
— of the eyeball, 496 
of mastication, 78 
origin and insertion of, 396 
— synergetic, 397 
Muscle, 23 
active state of, 374 
change in form during contrac- 
tion, 381 
changes in structure during con- 
traction of, 377 
chemical changes during con- 
traction of, 377 
chemical change in, 869 
chemical composition of, 369 
consistence of, 368 
contraction of, 381 
elasticity of, 369 
electrical changes in, 379 
electric phenomena, 371 
fatigue, 384, 390 
heart, 209 
histology of, 366 
irritability of, 374 
latent period, 383 
maximum contraction, 387 
natural currents in, 371 
negative variation of current, 379 
non-striated, 23 
@assive state of, 368 
plasma, 36, 369 
recording contraction of, 982 
serum, 369 
single contraction, 383 
stimuli, 374 
striated, 23, 366 
summation, 887 
temperature change during con- 
traction, 380 
tetanus, 388 
tone, 390 
unstriated, 395, 366 
variations in the single contrac- 
tion, 385 
wave of contraction, 386 
Muscle plates of embryo, 569 
Muscular co-ordination, 520 
— lt different forms of, 374, 
8 
Muscularis mucose, 88, 110 
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Musical notes or tones, 501 Nerve corpuscles, 413, 428 
Myographa, 382 endings, 449 
Myopia, 480 ' — fibres, 21, 413 
Myosin, 39, 869 — chemistry of, 416 


— fatigue of, 424 
irritability of, 423 


Nasa ganglion, 441 Nerv erve muscle preparation S80, 417 
Nausea, 458 Nervous system, 413 
Negative after image, 491 — medulla oblongata, 528 

—- variation of muscle current, 379 — reflex action, 518 
Nemug, active state of, 417 — spinal cord, 518 

-— ascending and descending cur- | NeurirfP 44 

rents, 426 Neuroglia, 513 

—- electric properties of, 416 Neuro-muscular cells, 20 

— electric change in, 421 Nitrogen, 50 

— electrotonus, 422 — in expired air, 286 

~~ force, velocity of, 420 —~ in the atmosphere, 285 

— natural currents in, 417 » Nose, 463 

— optic, 465 — development of the, 608 

— tissue, 20 Notochord, 558 

-—— roots, 433 Nucleolus, 8 

—- stimulation, negative variation, | Nucleus, 8, 10 

: 421 Nutrition, 343 

— stimuli, 418 —- and food stuffs, 63 

— terminals, 428 — tissue changes, 344 


Nerves, afferent, 21, 415 
cranial, 436 


— efferent, 21, 415 OnonToBLasts, 79 
— excito-motor, 415 (Esophagus, 82 
— grey, 415 — development of, 580 
— inhibitory, 415 Olfactory bulb, 463 
— intercentral, 415 — mucous membrane, 464 
— mixed, 433 ‘ Omphalo-mesenteric vessels, 592 
— motor, 415 Ophthalmoscope, 485 
--. retlex, 415 Optic axis of the eye, 474 
— secretory, 415 — disc, 485 
— sensory, 415 — lobes, 537 
— special physiology of, 433 --- nerve, 488 
— spinal, #33 — nerve, terminals of the, 488 
—— vasa-motor, 415 -— thalami, 538, 540 
— white, 415 — vesicle, 600 
— third pair of, 436 Ora serrata, 490 
— fourth pair of. 437 Organ of Corti, 510 
— fifth pair of, 439 Organisms, characters of, 4 
— sixth pair of, 437 — vital characters of, 51 
— seventh pair ‘of, 437 Ossicles of the middle ear, 504 
— eighth pair of, 442 Ossifying cartilage, 31 
~—- ninth pair of, "445 Osteoblasts, 32° 
Nerve cells, 21 Otic ganglion, 441 
— functions of, 430 . — vesicle, 605 
— in retina, 487 OtolitBs, 508 
—— bipolar, 430 A Ovary, 548 
— multipolar, 22, 480 Ovoid cells, 111 


unipolar, 430 Ovum, 545 ° 
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Ovum, changes in the, 551 
Oxalic acid in urine, 832 
Oxygen, 50 

— im expired air, 286 

-—— in the atmosphere, 285 
Oxyhemoglobin, 37, 289 
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PAOOINIAN corpuscles, 451 
Pain, 
Pancreas, Development of, 580 
— Structure of, 120 ¢ 
Pancreatic digestion, 124 
Pancreatic juice, Composition of, 121 
— Mode of secretion of, 121 
Papille of tongue, 94, 460 
Paraglobulin (fibrinoplastin), 39 
Paramecium, 16, 61 ¢ 
Parapeptone, 116 
Parietal cells, 111 
Parotid gland, 96 
Pavy’s solution, 108 
Peduncles of cerebrum, 529 
Pepsin, 116 
Peptic cells, 111 
Peptone, 40 
— Conversion of proteid into, 116 
— tests for, 41 
Perception, 448 
Perilymph of inner ear, 506 
Peristaltic contraction of intestine, 85, 
92 
Perspiration, effect of nervous influence 
on, 318 
— insensible, 317 
quantity given off, 318 
sensible, 318 
Pettenkofer’s test for bile, 43, 135 
Peyer’s patch, 158 
Phakoscope, 479 
muscles of, 80 
Placenta, 561, 592 
— functions of the, 564 
Plants, food of, 63 
Plasmata, 35 
Pleura, function of the, 274 
Pneumogastric nerves, 281, 443 
Pnenmothorax, 275 ‘$ 


sing current, 422 
Poa Varolii, 534 
Portal blood, 805 

-— vein, 128 
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Portio dura of seventh nerve, 437 
— mollis of seventh nerve, 499 

Porus opticus, 488 

Positive after image, 491 

Potassium chloride, 49 

Potatoes, 72 

Presbyopia, 480 

Primitive groove, 16 
— nerve sheath, 22, 414 

streak, 566 

Products of tissue change, 42 

Protameba, 9 

Protagon, 43 

Protista, 14 

Protococcus, 58 

Protoplasm, 4, 10, 35 

effect. of chemical stimulation, 
53 

effect of electric stimulation, 53 

effect of mechanical irritation of, 
52 

effect of temperature on, 52 

sensitiveness of, 53 

movements of, 52 

Protoplusmic movements, differentiation 
of, 365 

Protovertebra, 568 

Protozoa, 14 

Pseudopodia, 52 

Ptyalin, 107 

Puerile breathing, 278 

Pulmonary capilluries, 288 

Pulse, jhe, 247 

racings, 249 

variations in the, 251 

Pupil of eye, 467 

Pupil, circumstances affecting the, 484 

contraction of, 484 

dilatation of, 484 

Pylorus, 85 
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Quapratvs lumborum, 27} 


RANvViIER’s nodes, 21, 414 
Receptaculum chyli, 150 
Recording apparatus, 238 
Recti muscles of the eye, 497 
Reflex action, 431 

— experiment on human subject, 

521 
— experiment on frogs, 520 
— in the spinal cord, 518 
o se 
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Reflex action, theory of, 522 
Reflex centres, special, 525 
Reflexion, 526 ° 
— of nerve cells, 43] 
Refraction, 473 
Refracting media of the eye, 474 
Reproduction, 546 
Reserve air, 277 
Residual air, 277 
Respiration, afferent and efferant nerves, 


automatic nerve centre, 280 
chemistry of, 285 
differences in male and female, 
269, 287 
external, 261 
internal or tissue, 261, 292 
mechanism of, 260 
nervous mechanism of, 278 
of abnormal air, 292 
variations of pressure in, 276 
Respirations, rate of, 268 
Respiratory centre in medulla oblon- 
gata, 530 
— gas interchange, 287 
— sounds, 278 
Restiform bodies, 529 
Reticulum, 302 
Retina, 469, 477, 485 
— stimulation of the, 491 
— structure of, 488 
Revolving cylinder, 238 
Rheoscopic frog, 379 
Ribs, 266 : 
Rigor mortis, 393 
Ritter's tetanus, 419 
Rods and cones, 488 
— of Corti, 510 
Rotation of the eye-ball, 496 
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SacouLzs of ear, 605 
Sacculated glands, 94 
Saliva, composition of, 97 
Salivary corpuscles, 98 
— glands, 95 
Salivary sea nerve mechanism of, 
0 


— method of, 99 
Saponification, 125 
Sarcolactic acid, 378 
Sarcous elements, 368 
Sarcolemma, 24, 367 
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Scaleni muscles, 271 
Scheiner’s experiment, 477 
Sclerotic coat of eye, 466 
Sebaceous glands, 311 
Secretions, 309 
Secreting gland cells, changes in, 104 
Segmentation in the ovum, 552 
Semi-circular canals, 508 

— development of the, 605 
Semilunar valves, 207 as 
Sensations, general, 457 
Sense o@touch, 448 
Sensorium, 454 
Sensory nerve roots, 433 
Serratus posticus inferior, 278 
Serum albumin, 38 
Seventh nerve, 499 


esexpal distinction, 584 


— organs, development of the, 585 
Shivering, 459 
Sighing, 284 
Sight, long, 480 
— short, 480 
Skeletal muscles, 396 
Skin sensations, 448 
sae and face, development of the, 
06 
Smell, sense of, 463 
Sneezing, 283 
— centre, 531 
Sobbing, 284 
Solar spectrum, 493 
Somatopleure, 555 
Sound, 499 
— amplitude of vibration, 500 
— conduction of, 502 
— conduction of, through the ear, 
conveyance of, in cochlea, 510 
over-tones, 501, 512 
pitch of note, 500 
quality of notes, 501, 512 
raie of, period of vibration, 500 
tone, noise, 511 
tones or musical notes, 501 
transmission of, 501 
transmission of, to the brain, 
512 ® 
Sounds, classification of, 412 
tr reflex centres, micturition, &., 
250 
Special senses, 446 7 
— smell,.463 
— taste, 460 


PEE rid adl 


630 


Bpecial senses, touch, 452 
— vision, 465 
Spectrum, solar, 498 
Speech, 411 
Spermatozoa, 546 
Sphenopalatine ganglion, 441 
Spherical a tion, 481 
Sphygmograph, Marey’s, 249 
a eat 442 
pinalggrd, 51 
— automatic centres in the, 513 
centres presiding ovér tonic 
muscular contraction, 526 
co-ordination of movements, 
520 
decussation of fibres in the, 
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direction of nerve fibres in the, 
516 
effect of section of, 517 
ganglion cells in the, 518 
nerve cells in the, 514 
reflex action in the, 518 
sweating centres in the, 526 
vasa-motor centres, 526 
erty and grey substance of, 
13 
Spinal ganglion, 436 
Spinal nerves, 433 
—- anterior and posterior roots of, 
516 
Spiral lamina of cochlea, 508 
Splanchnopleure, 556 
Spleen, 301 
— changes of blood in, 304 
development of, 580 
functions of the, 303 
Splenic pulp, 302 
Sputum, 311 
Standing, 899 
Stapedius muscle of ear, 506 
Stapes, 505 
Starch, tests for, 108 
— inte grape sugar, conversion of, 
10 
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Starvation, 344 
Stationary air, 277 ¢ 
Steno’s duct, 97 
Steapsin, 125 
Stirrup bone of ear, stapes, 505° 
Stomach digestion, 110 

— epithelium of, 111 

— development of, 678 


51 
development of, 571 f o4 
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Stomach, structure of, 84 

— motion of, 84 

— nerve influetice on, 88 
Striated muscle, 866 
Sublingual gland, 96 
Submaxillary ganglion, 442 
gland, 96 
Sudoriferous glands, 317 
Summation, 387, 521 
Supra-repal capsule, 299 
Suspensory ligament of lens, 469, 
Sutures, 397 
Swallowing, 80 
Sweat, chemical composition of, 318 
Sweat glands, 317 
Sweating centres in spinal cord, 526 
Symphysis, 397 
Syntonin, 39 
Systole, 213 


TACTILE nerve endings, 428 
Tambour, Marey’s, 218 
Taste buds, 460 
sense of, 460 
Taurin, 45 
Tauro-cholic acid, 438, 184 
Tegmentum, 538 
Temperature, external variations of, 
862 
internal variations of, 361 
—- maintenance of uniform, 359 
~ of mammals, 353 
of man, 354 
measurement of, 354 
variations of, 354 
Tendon cells, 27 
Tensor tympani muscle, 505 
Tetanus, 388 ¢ 
Thermic stimulation of muscle, 375 
of nerve, 418 
Thermometer, clinical, 354 
Thoracic duct, 151 
—~- movements, 267 : 
respiration, 268 
Thorax, 273 
construction of, 268 
Thrombosis, 200 
Thymus gland, 300 
Thyroid body, 299 
Tidal air, 277 
Tissue changes, 344 
Tissues, classification of, 17 
— contractile, 365 
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Titillation, 459 
a err 
ongue, $ 
— papilla of, 94 
Tonic contraction, 256 
Tooth, crusta petrosa, 77 
— dentine, 77 
— enamel, 77 
— pulp cavity, 77 
Torula cerevisia, (yeast plant), 58 
T corpuscles (Meissner's), 449 
—— ~ sense of locality, 452 
— sense of pressure, 454 
—— temperature sense, 445 
Trabeculs, 151 
—- of spleen, 301 
Triangularis sterni, 273 
Tricuspid valve, 206 
Trigeminus nerve, 439 
Trochlear nerve, 437 
Trommer’s test, 108 
Trypsin, 123 
Fubuli seminiferi, 547 
Tunica adventitia, 227 
— fibrosa, 548 
granulosa, 549 
intima, 228 
media, 227 
propria, 548 
vasculosa, 548 
Tuning fork, demonstration of vibra- 
tions, 500 
— uses of, in measuring time, 382 
Tympanic membrane, 503 
Tyrosin, 45, 144 
@ 
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Umsittcan vessels, 592 
Umbilicus, 55% 
Unicellular organisms, 14 
Unstriated muscle, 366, 395 
Urachus, 560 
Urea, 44, 329 
— sour& of, 336 
-— preparation of, 330 
— volumetric estimation of, 331 
Uric acid, 45, 331 
Ureters, 339 
Urinary calculi, 335 
— excretion, 321 
— secretion, nervous mechanism 
of, 838 
Urine, 325 
—— abnormal constituents of, 334 


631 


Urine, chemical composition of, 329 
colouring matters of the, 333 
gases in, 834 

inorganic salts in, 338 
passage into bladder, 388 
specific gravity of, 326 
secretion of, 826 

Uterus, 568 

Utricle of ear, 605 
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Vacuoras, 8 
— of paramecium, 61 
Vagus nerve, 225, 443 
— effect on respiration, 281 
— effect on heart, 224 
Valsalva’s experiment, 506 
Valyulee conniventes, 140 
‘Vasa-motor centre in medulla oblon- 


gata, 531 
-~— centres in spinal cord, 526 
— nerves, 255 


Vascular system, development of, 587 
Vas-deferens, development of, 588 
Vegetable cells, 8 

—- action of light on, 68 
Vegetable food, 72 
Veins, 230 

— development of the, 593 
Velocity of blood current, 252 
Vens advehentes, 593 
Vena porta, 305 
Venous blood, 288 

— een development of the, 

96 


Ventilation, 293 
Ventricles of brain, 529 
— of heart, 206 
Vesicular breathing, 278 
Vestibule of ear, 505 
Vertebral plates of embryo, 568 
Villi, vessels of, 142 
Vision, 465 
— accommodation, 478 
— binocular, 498 
— inversion of image, 475 
— light impressions, 486 
— refraction, 473 
Visual perceptions, 495 
— purple, 492 
Vital capacity, 277 
— phenomena, 6 
— point (ncud vital), 279 
Vitellin, 39 9 
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‘Vitelline membrane, 549 
— veins, 589 
Vitreous humour, 469 
Voice, 404 
— nervous mechanism of, 410 
— properties of the human, 409 
Vocal 


404 
Voutivatahanelaaion of, 406 
Volition, 526 
Vomi: 85 
Vorti 16, 62 

— ciliary motion of, 62 ¢ 
— contractile stalk of, 62 


Waukine and running, 402 
Warm-blooded animals, 353 
Water, 48 
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c 
Wharton’s duct, 97 

White substance of Schwann, 414 
Wolffian bodies, 582 


XANTHIN in urine, 332 


Yawntna, 284 

Yeast plant, 58 

Yellow elastic tissue, 29 
Yellow spot, 486 
structure of, 490 
Yolk sac, the, 558 


Zona pellucida, 549 
Zymogen, 124 
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Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity, 
with an Appendix of Cases. By Jon C. Booxyriz, hen fp F.B.8., 
ata D. Hack Tuxe, M.D., F.B.0.P. Fourth Bdition, 12 Plates 


sli bated aA Rete ape 

»~CLOUSTON. — Clinical Lectures on Mental 
Diseases. By Tuomas 8. Clouston, McD. and ¥.B.C.P. Edin, Leo- 
turer on Mental Diseases in the University of Edinburgh. With 
§ Plates (6 coloured). Crown 8vo, 12s, 6d. 


PHYSIOLOGY. 


CARPENTER.—Principles ,of Human Physio- 
logy. By Wiiz1am B. Canpenrsn, C.B., M.D., F.R.8. Ninth Hdition. 
Edited by Henry Power, M.B., F.R.C.8. With 8 Steel Plates and 
877 Wood Engravings. 8vo, 81s. 6d. 


DALTON.—A Treatise on Human Physiology : 
designed for the use of Studentsa and Practitioners of Medicine. By 
Soux C. Dartox, M.D., Professor of Physiology and Hygiene in the 
College of Physicians and Surgeons, New York. Seventh Edition. With 
252 Engravings. Royal 8vo, 20s. 


FRELY.—The Histology and Histo-Chemistry of 
Man. <A Treatise on the Elements of Composition and Structure of the 
Human Body. By Hernuion Frey, Professor of Medicine in Zurich. 
Translated by Artur E. Bankes, Assistant-Surgeon to the Uni- 
versity College Hospital With 608 Engavings. §&vo, 21s. 


SANDERSON.—Handbook for the Physiological 


Laboratory ; containing an Exposition of the fundamental facts of the 
Science, with explicit Directions for their demonstration. By J. Burpon 
Sanpenrsox, M.D., F.R.S.; E. Kur, M.D., F.R.S.; Mionazz Fostsze, 
M.D., F.R.8.; and T. Lauper Brunron, M.D., F.B.8. 2 Vols., with 
123 Plates. S8vo, 24s, 





SURGERY. 
BRYANT.—A Manual for the Practice of 


q@Surgery. By Tuomas Bryant, F.B.C.8., Surgeon to, and Lecturer on 
Surgery at, Guy’s Hospital. Fourth Edition. ‘With nearly 700 En- 
gravings (nearly all original, many being coloured). 2 vola. Crown 8vo. 
{In the pregs. 
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SURGER Y—continued. 


BELLAMY.—The Student’s Guide to Surgical 


Anateily ; a Description of the more important Surgical Ragions of 
the Human Body, and an Introduction to Operative Surgery. By 
Eo@agp Battaxy, F.B.C.8., and Member of the Board of , 
& Sangeon to, and Lecturer on Anatomy at, Charing 
CBecond Edition. ‘With %¢ Engravings. Foag: Sro, 7s. 


CLARK AND VW AGSTAFFE. — Qutlines of 


Surgery and Surgical Pathology. By F. Ls Gros Crank, F.B.O.8., 
F.RS&., Consulting Surgeon to 8t. Thomas’s Hospital. Second 
Edition. Revised and expanded by the Author, assisted by W. W. 
Waostarrs, F.B.C.8., Assistant-Surgeon to 8t. Thomas’s Hospital. 
Svo, 10s. 6d. 


DROUITT. — The Surgeon’s Vade-Mecum; a 
Manual of Modern Surgery. By Rosrrt Devirt, F.B.C.8. Eleventh 
Edition. With 969 Engravings. Feap. Svo, 14s. 


FERGUSSON.—A System of Practical Surgery. 
By Sir Witu1am Fercussox, Bart., F.R.C.8., F.B.8., late Surgeon and 
Professor of Clinical Surgery to King’s College Hospital. With 468 
Engravings. Fifth Edition. Svo, 21a. 

HEATH.—A Manual of Minor Surgery and 
Banfaging, for the use of House-Surgeons, Dressers, and Junior Practi- 
tioners. By CunistorHer Huatn, F.R.C.8., Holme Professor of Clinical 
Surgery in University College and Surgeon to the Hospital. Seventh 
Bdition. With 129 Engravings. Fceap. Svo, 6s. : 

By the same Author, 


A Course of Operative Surgery: with 
Twenty Plates drawn from Nature by M. Lévsriz£, and Coloured. 
Large Svo, 40s. 

ALSO, 

The Student’s Guide to Surgical Diag- 

nosis. Second Edition. Feap. 8vo, 6s. 6d, 


MAUNDER.—Operative Surgery. By Charles 


¥. Maunpes, F.B.C.8., late Surgeon to, and Lecturer on 8 at, 
the London Hospital. Second Edition. With 164 Engravings. Post 
Syo, 6s. 
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°  ——-s SURGERY —continued. 


PIRRIE.—The Principles and Practice of 


Surgery. By Writsau Pras, F.R.8.E., late Professor of Surgery in 
— on of Aberdeen. Third Héition. With 490 oe 


sou Pau. —Regional Surgery : including Sug, 
gical Diagnosis. “a Manual for the use of Students. Part Tf the 
Head and Neck. By Farperiox A. Sour, M.A., M.B. Oxon, F.B.C.8., 
Assistant-Surgeon to the Royal Infirmary, and Assistant-Lecturer on 
Surgery in the Owen’s College School of Medicine, - Manchester. 
Crown Bvo, 6a. 6d. 














TERMINOLOGY. 


DUNGLISON.—Medical Léxicon : a Dictionary 
of Medical Science, containing a concise Explanation of ite various 
Subjects and Terms, with Accentuation, Etymology, Synonymes, &c. 
By Rostey Dunxeuusox, M.D. New Edition, thoroughly revised by 
Ricuanp J. Duneuison, M.D. Royal Svo, 28s 


MAYNE.—A Medical Vocabulary: being an 
Explanation of all Terms and Phrases used in the various Depart~ 
ments of Medical Science and Practice, giving their Derivation, Meaning, 
Application, and Pronunciation. By Ronsur G. Maywz, M.D., LL.D., 
aod Joan Mayne, M.D., L.R.C.8.E. Fifth Edition. Feap. 8vo, 10s. 6d, 


WOMEN, DISEASES OF. 


BARNES.—A Clinical History of the Medical 
and Surgical Diseasesesf Women. By Rosert Banwes, M.D., F.R.C.P., 
Obstetric Physician to, and Lecturer op Diseases of Women, &c., at, St. 
George’s Hospital. Second Edition. With 181 Engravings. 8vo, 28s. 


OOURTY.—Practical Treatise on Diseases of 
the Uterus, Ovaries, and Fallopian Tubes. By Professor Covrry, 
Magtpellier, Translated from the Third Edition by his Pupil, Aanzs 
M‘Largn, M.D., M.K.Q.C.P. With Preface by Dr. Marrurws 
Dunoan. With 424 Engravings. 8vo, 24s. 


DUNCAN.—Clinical Lectures on the Diseases 
@f Women. By J. Marruews Duncan, M.D., F.R.C.P., F.R.8.E., 
Obstetric Physician to St, Bartholomew's Hospital. Second Edition, 
with Appendices. 8vo, 14s. 
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WOMEN, DISEASES OF-—vontinned: 


EMMET.-- The Principles =“ Pf iaascay of 


Gynecology. By Tomas Appis Exuer, » Satweon to the 
Woman's en of the State of New lage wits 180 Engraving. 


GAL ABIN —The Student's Guide to thp Dis- 

© ceases of Women. By Arsen L. Garasrx, W.D., F.B.C.P,, Obstetric 
Physician and Lecturer on Obstetric Medicine at Guy's Hospita}, 
Third Edition. With % Engravings. Foap. 8vo, 7a. 6d, 

REYNOLDS.—-Notes on Diseases of Women. 


Specially designed to assist the Student in preparing for Examination. 
rae J. Raynoups, L.B.C.P., M.B.C.8. Second Edition. Fcap. 8vo, 


SMITH.—Practical Gy estan th a Handbook 
of the Diseases of Women. Hesywoop Sura, M.D., Physician to 
the Hospital for Women and to the British Lying-in Hospital. With 
Engravings. Seoond Edition. Crown 8vo. [In preparation. 


WEST AND DUNCAN.—Lectures on the Dis- 
eases of Women. By Cuartzes West, M.D., F.B.C.P. Fourth 
Edition. Revised and in part re-written by the Author, with numerous 
additions, by J. Marruzews Duncan, MD. FRCP, F.BA.E., 

Obstetric Physician to St. Bartholomew's Hospital. 8vo, 16s. 


ZOOLOGY. 


CHAUVEAU AND FLEMING.—The Compara- 
tive Anatomy of the Domesticated Animals. By A. Cnavuveav, 
Professor at the Lyons Veterinary School; and Gronex Friemixe, 
a Surgeon, Royal Engineers. With 450 Engravings. 8vo, 
Sis. 6d. 

HUXLEY.—Manual of the Anatomy of Inverte~ 

brated Animals. By Txouas H. Hoxuzy, LL.D., F.R.S. With 156 
By the same Author. 
Manual of the Anatomy of Vertebrated 
Animals, With 110 Engravings. Post Svo, 12s. 


WILSON.—The Student’s Guide to Zoology: 
a Manual of the Principles of Zoological Science. By Axprew Wixeon, 
Lecturer on Nature] History, Edinburgh. With Engravings. Foap. 
Svo, 6s, 6d, 
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